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1. INTRODUCTION AND BACKGROUND

This report documents a wastewater reclamation pilot study performed at the McAllen,
Texas, wastewater treatment plant (WWTP)  No. 2. The study was conducted under
Task 9: Membrane Separation Process for Wastewater Reclamation of the U.S. Bureau
of Reclamation’s Water Treatment Technology Program. Testing was conducted from
April 1997 to August 1997. The purpose of this study was to evaluate the capability of
the Memcor microfiltration (MF)  membrane technology and the ZeeWeed MF
membrane technology to treat wastewater for indirect potable reuse to supplement the
City of McAllen’s  water supply.

The Memcor and the ZeeWeed MF units were evaluated while treating secondary
effluent from the McAllen  WWTP. The ZeeWeed MF system was also evaluated when
used in conjunction with the ZenoGem  process to treat screened, de-gritted wastewater
and make it suitable for direct processing by reverse osmosis (RO).  The ZenoGem
process is designed to biologically treat screened, de-gritted sewage and microfilter the
“secondary effluent” that is produced.

This section defines indirect potable reuse and its history in the U.S., defines the City
of McAllen’s  motivations for considering implementation of indirect potable reuse to
help solve their water supply problems, describes the regulatory issues associated with
implementation, explains the reasons membrane processes are integral to its
implementation, and presents conclusions and recommendations.

1 .l Indirect Potable Reuse-Definition and History

Indirect potable reuse (IPR)  is the recovery of water from wastewater for the purposeful
reintroduction into either a surface water or groundwater body that ultimately serves
as a drinking water supply. Unplanned IPR  has been occurring since humans first
began disposing of wastewaters into watersheds that are hydrologically connected to
raw water supplies. Planned E’R  began in the U.S. in the 1960s. A summary of some of
the major milestones in the development of potable reuse as a viable component of a
water resource management plan is presented below.

Whittier Narrows Groundwater Replenishment Project, California. In 1962, the
County Sanitation Districts of Los Angeles began spreading disinfected secondary
effluent from a IO-million-gallons-per-day  (mgd) (37.9 million liters ml/day)  water
reclamation plant to an underground potable water supply. The reclaimed water
accounts for an annual average of 16 percent of the total inflow to the groundwater
basin. The local population is estimated to be exposed to from 0 to 23 percent reclaimed
water. An independent, scientific advisory panel to the State of California conducted an
extensive review of the project data and concluded that the Whittier Narrows
Groundwater Replenishment Project was as safe as commonly used surface water
supplies.
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Orange County, California, Water District. Since 1976, the Orange County, California,
Water District’s Water Factory 21 has been reclaiming unchlorinated  secondary
effluent to drinking water quality and recharging it into a heavily used groundwater
source to prevent salt water intrusion. The water recovery treatment facility is a
15.mgd  (56.8 ML/day) facility that includes lime clarification, air stripping,
recarbonation, filtration, carbon adsorption, slip-stream RO, and disinfection. It is
estimated that less than 5 percent of the domestic water supply is recovered water.
The Orange County Water District has not identified any significant risk to users of the
groundwater from the indirect potable reuse practice.

Upper Occoquan Sewage Authority Water Reclamation Plant, Virginia. In 1978, the
15mgd  Upper Occoquan Sewage Authority (IIOSA)  Water Reclamation Plant in
northern Virginia began reclaiming wastewater for subsequent discharge to the
Occoquan Reservoir. This reservoir is a critical source of drinking water for
approximately 1 million people. The reclaimed water has accounted for as much as
90 percent of the flow into the reservoir. Treatment includes primary treatment,
secondary treatment, biological nitrification,  lime clarification and recarbonation,
filtration, act,ivated  carbon adsorption, and disinfection. The plant has been expanded
to 26 mgd (98.4 ML/day) and will be further expanded to 54 mgd (204 MLlday)  by the
year 2000. No negative health effects have been attributed to,.the  plant or eMuent
discharges.

Potomac Estuary Experimental Water Treatment Plant, Washington, D.C. From 1981
to 1983, the l-mgd (3.8 ML/day)  Potomac Estuary Experimental Water Treatment
Plant was operated with an influent  blend of Potomac Estuary water and nitrified
secondary effluent. The blend was designed to simulate influent  water quality expected
during drought conditions, when up to 50 percent of the estuary flow may comprise
treated wastewater. Treatment included aeration, coagulation, clarification,
predisinfection,  filtration, carbon adsorption, and postdisinfection. An independent
panel reviewed the extensive testing performed by the U.S. Army Corps of Engineers
and concluded that the advanced treatment could recover water from a highly
contaminated source similar in quality to three major water supplies for the
Washington, D.C., metropolitan area.

San Diego Total Resource Recovery Project, California. In 1983, a l-mgd (3.8 MUday)
potable water recovery demonstration facility was commissioned as part of a total
resource recovery program established in San Diego, California. The purpose of the
treatment system was to reclaim raw water from raw wastewater. The system included
primary treatment, a water hyacinth aquaculture system, coagulation, clarification,
filtration, ultraviolet disinfection, reverse osmosis, aeration, carbon adsorption, and
disinfection. An  extensive ,chronic  toxicity risk analysis showed that the risk associated
with use of the recovered water as a raw wat,er supply was less than or equal to the use
of the existing raw water entering the Citys  Miramar Water Treatment Plant. The City
is now planning on reclaiming up to 20 mgd (75.7 ML/day)  of secondary effluent for
augmentation of their 90,000 acre-foot San Vicente Reservoir for eventual distribution
to water customers.
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El Paso, Texas, Fred Hervey Water Reclamation Plant. The lo-mgd  (37.9 h&/day)  Fred
Hervey Water Reclamation Plant began operation in El Paso, Texas in 1985. The
recovered water is recharged to the Hueco Bolson drinking water aquifer where, over a
Z-year period, the water travels to one of El Paso’s potable water well fields to become
part of the potable water supply. The treatment system includes primary treatment,
activated sludge/ powdered activated carbon treatment, lime treatment, recarbonation,
filtration, ozonation, and granular activated carbon adsorption. Although no negative
health effects have been correlated with the reuse practice, an increase in the total
dissolved solids (TDS) content of the aquifer has occurred. Slipstream demineralization
will be included in future plant expansions to address the TDS issue.

Tampa Water Resource Recovery Project, Florida. The City of Tampa’s Water
Resource Recovery Pilot Plan began operation in 1986, with the purpose of evaluating
the feasibility of reclaiming denitrified  secondary effluent to a quality suitable for
blending with existing surface water and groundwater sources for indirect potable
reuse. Several treatments were evaluated, and one was selected for health effects
testing. This treatment system consisted of aeration, high pH lime clarification,
recarbonation, filtration, granular activated carbon adsorption, and ozonation. The
results of the health effects testing, coupled with the microbiological and chemical
analyses performed during the evaluation, indicated that the quality of the reuse water
was equivalent to or exceeded the quality of the local raw water supply. The City of
Tampa intends to develop a 20- to 50-mgd  (189 ML/day)  water resource recovery plan in
the near future.

West Basin Water Recycling Program, California. From 1990 through 1995, the West
Basin Municipal Water District conceived, designed, constructed, and began operating
the West Basin Water Recycling Program. This program includes reclaiming 5 mgd
(18.9 MUday)  (expandable to 20 mgd, or 75.7 ML/day) of secondary effluent from the
City of Los Angeles’s Hyperion Treatment Plant for injection into the West Coast Basin
Barrier Project. The West Coast Basin Barrier Project has historically received an
average of 20 mgd of potable water for injection into the coastal reaches of local south
Bay aquifers for mitigation of saltwater intrusion. Substituting reclaimed water for the
potable water provides substantially greater water use efficiency in the area.
Reclamation treatment includes predecarbonation, lime clarification, recarbonation,
filtration, RO, postdecarbonation, and final disinfection. Based on hydrogeologic
investigation and modeling of the West Coast Basin, it is anticipated that the reclaimed
water will improve groundwater quality along the Barrier due to the high quality of the
reclaimed water relative to the imported water and the native groundwater.

Reedy Creek Improvement District, Advanced Water Reclamation Program, Florida.
In 1992, t&Reedy  Creek Improvement District began a pilot program to reduce
phosphorus and nitrogen in the effluent from their wastewater treatment plant to very
low levels. Although the goal of treatment was not IPR, this was the first project to
evalu-ate  the feasibility of using microfiltration and ultrafiltration (LJF)  as a
replacement to lime clarification, recarbonation, and gravity filtration for RO
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pretreatment. This approach was shown to be so effective that MF  and UF have
displaced lime treatment as the preferred means of RO pretreatment on subsequent
IPR projects.

City of Scottsdale, Arizona, Water Campus Project. In 1994, the City of Scottsdale
began pilot testing MF and RO for the purpose of reclaiming wastewater for ground-
water recharge. The testing program, which has culminated in a 6.3mgd (25.7 MIJday)
indirect potable reuse project currently under construction at the City’s Water Campus
site, represents the first planned IPR project in Arizona. During periods when demand
for non-potable reclaimed water is low, product water from the MF/RO  system will be
blended wit11  filtered surface water and injected into a potable aquifer using dry wells.
The 6.3mgd facility represents the first phase of a multi-year project designated to
have an ultimate capacity of 25 mgd (94.6 ML/day).

City of San Diego, California, Water Repurification Project. As an outgrowth of their
Total Resource Recovery Project, the City of San Diego began the Repurification Project
to reclaim up to 20 mgd (75.7 MUday)  of wastewater for indirect potable use. The
program is currently evaluating the feasibility of using the following advanced water
treatment processes tore-purify tertiary effluent from the City’s new North City Water
Reclamation Plant to a quality suitable for direct discharge to the San Vicente
Reservoir, one of the City’s main raw water reservoirs: microfiltration/ultrafiltration,
reverse osmosis, ion exchange, and ozonation. The project represents the first surface
supply augmentation IPR project in California and must satisfy stringent California
Department of Health Services requirements regarding virus removal and real-time
monitoring of individual processes for pathogen removal. If successful, the project will
result in the construction of the largest IPR plant in the U.S.

1.2 The Need for Indirect Potable Reuse for the City of
McAllen

McAllen, Texas, is located in the Lower Rio Grande Valley near the United States-
Mexico border, approximately 40 miles upstream from the mouth of the Rio Grarrde
River. McAllen presently derives its water supply from the Rio Grande River, water
rights it shares with multiple parties, including other cities, water supply corporations,
irrigation districts, and Mexico. The Lower Rio Grande Valley is a growing area with an
existing water shortage problem. The Texas Water Development Board (TWDB) reports
that all surface water resources in the area are 100 percent appropriated. Additionally,
this semi-arid area often experiences drought conditions. Projected growth in
population and water use indicates that the demand for potable water will exceed
McAllen’s  authorized water rights by the year 2003. Consequently, alternative water
supply strategies are necessary to ensure a safe, reliable source of potable water. The
two most feasible alternative sources are groundwater and re-purified wastewater.
Many of the groundwater supplies in the Lower Rio Grande Valley have an elevated

-,.
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dissolved solids concentration and require demineralization to make them suitable for
potable use. Consequently, wastewater reclamation is considered by McAllen  to be a
desirable means of augmenting its water supply.

1.3 Water Quality Considerations and Proposed
Treatment Strategy

In general, reclaimed water should be treated to a level where its quality exceeds that
of the historical water supply. In Texas, public heath issues related to the use of
reclaimed water fall under the purview of the Texas Natural Resources Conservation
Commission (TNRCC). The preliminary position of TNRCC with respect to IPR for
McAllen  is (1) reclaimed water must be of equal or better quality than that of the City’s
current water supply, and (2) reverse osmosis must be used to treat all of the reclaimed
water prior to its reuse. Based on these requirements and in view of the City’s desire to
reduce the dissolved solids of its finished water to improve consumer acceptability, the
following IPR treatment sequence is currently proposed:

Primary and secondary treatment
Chlorine disinfection
Microfiltration
Reverse osmosis
Ultraviolet disinfection

This sequence not only satisfies TNRCC’s  preliminary requirements, it also provides
multiple treatment barriers to the passage of microbial, inorganic, and organic
contaminants in the wastewater. The concept of “multiple barriers” has been adopted
by the water supply industry to achieve the appropriate level of safety and reliability by
providing redundant treatment steps for the removal of wastewater contaminants,
primarily pathogens.

1.4 Membrane Technologies in indirect Potable Reuse

A primary focus of one task of the Bureau of Reclamation’s Water Treatment
Technology Program is research on membrane processes for wastewater reclamation. A
key component of the proposed treatment sequence for IPR at McAllen includes the use
of two membrane processes, MF and RO. As described in Section 1.2, RO has been
applied for two decades for wastewater reclamation and is considered a proven
treatment process. RO serves as the “workhorse” for the IPR process because it is very
efficient in removing nearly all contaminants of public health concern. Cost-effective
RO operation is highly dependent on the quality of water it receives, and a major
challenge of its use in treating wastewaters is to provide a suitable quality feedwater.
In this context, MF has become an important process.
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Although MF has been used for industrial and pharmaceutical applications for decades,
its use for wastewater reclamation is relatively new, and to date, most research with
MF has been conducted with only one technology, the Memcor MF process. Memcor has
been pilot testing for over 5 years; however, full-scale operations are limited and have
been installed only very recently in California. Further, evaluation of technologies
competitive to Memcor, including those employing MF and its close relative UF, is in its
infancy and is currently restricted to only one or two sites. Thus, research is needed to
evaluate Memcor at other IPR sites throughout the U.S. to demonstrate its applicability
over a wider geographic area and, more importantly, to examine the feasibility of other
MF/UF  technologies that have equivalent or better capability to meet the feedwater
requirements of RO.

One such MF technology is ZeeWeed. ZeeWeed is a relatively new process and no
studies on its application to IPR have been reported. Memcor and ZeeWeed were
selected for evaluation in this study to develop a cost-effective technical approach to
implementirrg  IPR for M&Hen  and to contribute vital information on the application of
MF technologies for wastewater reclamation. Additionally, the ZeeWeed MF system
was evaluated when used in conjunction with the ZenoGem  process for treating
screened, degritted wastewater.

1.5 Conclusions

Overall project conclusions were developed as well as specific conclusions relating to
each phase of study. These conclusions are presented below.

1.5.1  Project Conclusions

The following can be concluded from the results of this study:

1. Both microfiltration  (Ml?)  technologies evaluated in this study, Memcor and
ZeeWeed, are applicable to the advanced treatment of City of McAllen
wastewater for the purpose of indirect potable reuse.

2. The Memcor MF process can efficiently treat secondary effluent from the
McAllen  South WWTP (SWWTP) for the purpose of producing high quality
RO feedwater. Operating over an l&week period, Memcor filtrate turbidity
and silt density index (SDI)  averaged 0.10 NTU and 2.11, respectively,
compared to RO industry recommendations for efficient operation of 0.2 NTLJ
and 3. Filtrate quality and operating characteristics of the Memcor system
treating this source are similar to those for the treatment of secondary
effluents in California and Arizona. Memcor flux rate and feedwater recovery
were sustainable at 27 gallons per square foot per day (gfd) (45.8 IJm%r)
and 91 percent in this study compared to a range of 23 to 28 gfd (39.0 to 47.5
LJm%our)  and 90 to 92 percent at reuse facilities in California. The
estimated annual cost of Memcor MF and RO treatment for this application
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($1.93 per 1,000 gallons of wastewater) is slightly less expensive than the
cost of treating the secondary effluent with lime clarification, recarbonation,
and filtration followed by RO ($2.18 per 1,000 gallons of wastewater).

3. ZeeWeed MF technology is competitive with Memcor MF technology in the
production of RO feedwater from secondary effluent when non-economic
factors are considered. As shown below, ZeeWeed demonstrated a higher
flux rate, greater feedwater recovery, and longer operating intervals between
chemical cleanings than Memcor, while producing a filtrate of comparable
quality.

Table 1 .I-ZeeWeed and Memcor MF Ooeratina  Parameters

Flux rate (gfd)

Feedwater recovery (%)

Interval between cleanings
Cdavs)

ZeeWeed Memcor

33.0 24.4

96.3 90.1

>48 14

4. The ZenoGem process is capable of directly processing screened and de-
gritted raw wastewater to a quality that satisfies the City’s current effluent
discharge requirements of 15 milligrams per liter (mgL)  carbonaceous
biochemical oxygen demand (CBOD,)  and 5 nag/L  total suspended solids
(TSS). The ZenoGem process is also capable of meeting the RO feedwater
turbidity criterion of 0.2 NTU. ZenoGem filtrate averaged 0.6 mg/L  CBOD,,
less than 1 mg/L  TSS, and 0.16 NTU turbidity. Filtrate from the ZenoGem
process was of lesser quality than filtrates produced by Memcor and
ZeeWeed (treating secondary effluent) with respect to SDI. SD1  tests
averaged 5.0 for ZenoGem compared to 2.1 and 2.6 for Memcor and ZeeWeed,
respectively, when treating filtered secondary effluent. The RO feedwater
criteria for turbidityis 3.0 NTU. The high SD1  values are not believed to be
caused by greater particulate levels. Therefore, it is not known if RO
operation on ZenoGem filtrate would result in a greater rate of membrane
fouling.

5. ZenoGem can treat McAllen’s  raw wastewater to a quality comparable to the
City’s existing WWTP effluent more efficiently than the existing WWTP. By
operating the activated sludge process at average mixed liquor volatile
suspended solids (MLVSS)  concentration of 11,000 mg/L  and solids retention
times of 3 to 5 hours, ZenoGem requires only one-tenth the hydraulic
retention time or ‘Tootprint” to achieve the same degree of BOD, and
ammonia removal as the existing WWTP, which currently operates with an
average MLVSS concentration of 2,333 mgL and a hydraulic retention time
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of 29.8 hours. The nitrification  rate for the ZenoGem  process was 0.26 g
NH,-,N/g nitrified  volatile suspended solids (NVSS)-day  compared to 0.17 g
NH,-N/g NVSS-day for the McAIlen  WWTP.

6 . Although development of cost estimates for a ZenoGem  system to treat
McAllen’s  wastewater in the context of indirect potable reuse was beyond the
scope of this study, it is anticipated that a ZenoGemRO  system would be less
expensive to construct and operate than the combination of conventional
secondary wastewater treatment, Memcor or ZeeWeed MF, and RO.

1.52 Phase I Conclusions

ZeeWeed MF and the Memcor MF systems operating on secondary effluent were
compared during Phase I of the study. Conclusions specific to Phase I are presented
below:

1.

2 .

3.

4 .

5.

6 .

7.

Both Memcor and ZeeWeed MF systems achieved a greater-than-planned
interval between cleanings during Phase I.

The rate of fouling of the Memcor membrane was significantly greater than
for the ZeeWeed membrane. This suggests that the combination of
continuous mechanical agitation and periodic backflushing used for the
ZeeWeed membrane are more effective for controlling build-up of material on
the membrane surface than the method of intermittent backwashing with air
and feedwater method used with Memcor.

Feedwater recovery for the ZeeWeed MF system during Phase I was
approximately 6 to 7 percent higher than the recovery achieved by the
Memcor MF system.

Although results were variable, turbidity and SD1 for the effluent from both
systems were below RO feedwater criterion during most of Phase I
operations.

Neither ZeeWeed nor Memcor MF systems were effective in reducing the
dissolved inorganic or organic content of secondary effluent.

Filtrate from the ZeeWeed MF unit showed higher levels of microbiological
contaminants than filtrate from the Memcor MF system during both phases
of testing. No fecal or total coliforms were detected in the Memcor filtrate
during either phase.

During treatment with ZeeWeed MF, pH increases. This increase most
likely.results  from the stripping of carbon dioxide from the secondary
effluent by the aeration in the process tank.



8. Control of suspended solids and algae is critical to successful performance
and monitoring of the water treatment system.

1.5.3 Phase II Conclusions

During Phase II, the Memcor system continued to operate on secondary effluent while
the ZeeWeed system was operated as part of the ZenoGem process. Feedwater for the
ZenoGem process was screened and de-gritted wastewater. Operation of the Memcor
system during Phase II was compared to Memcor operations during Phase I. Operating
results of the ZenoGem process were compared to those from Phase I for the ZeeWeed
and Memcor processes; the City’s extended aeration wastewater treatment process; and
the Memcor process during Phase II. Conclusions for Phase II are presented below:

1. Chemical cleanings implemented during Phase II were very effective for
removing accumulated solids and restoring TMP to the target level of 7 to 8
psi (0.46 to 0.53 bar).

2. An increase in filtrate flow during Phase II resulted in an increase in
recovery. When filtrate flow was increased during Phase II to 20 gpm (1.26
L/s),  recovery rose from 90 to 91 percent.

3. Mean filtrate turbidity was lower during Phase II (0.05 NTlJ)  than during
Phase I (0.12 NTIJ).  Additionally, turbidity values were much less variable
during Phase II.

4. SD1  values were similar during Phases I and II.

1. The rate of TMP increase during Phase II was significantly lower than that
observed during Phase I. This may be a result of a lower rate of solids
loading at the surface of the membrane and/or a greater degree of
mechanical cleaning of the membrane surface provided by the higher solids
level.

2 . Phase II recovery was approximately 2 to 4 percent higher and more
consistent than that observed during Phase I.

3. Turbidity was higher during Phase II for the ZenoGem process than during
Phase I for both the Memcor and ZeeWeed MF systems.
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4 .

5.

6.

7.

a.

9.

10.

11.

12.

Phase I SD1  levels for both MF systems were much lower than those
observed during Phase II for the ZenoGem process.

By maintaining higher MLVSS concentrations, the ZenoGem process can
attain comparable reduction in BOD, at a much lower hydraulic detention
time for the bacterial cells.

The ZenoGem process has the capability to be operated with longer solids
retention times than conventional wastewater processes because it is not
limited by sludge bulking that typically occurs at very long detention ti:mes.

Nitrification  in the ZenoGem process was inhibited during the early periods
of testing, but improved dramatically as DO levels were increased.

Oxygen uptake rates in the ZenoGem bioreactor indicated good biological
activity as evidenced by the BOD, removals achieved.

Sludge yields for the McA.llen  WWTP and the ZenoGem process were very
comparable.

The ZenoGem process produced a filtrate having a CBOD, concentration
consistently below the discharge requirement of 15 mg/L.

The ZenoGem process more efficiently removed CBOD, from the raw
wastewater than the WWTP, despite operating with one-tenth the hydraulic
retention time.

The ZenoGem process is more than capable of producing an effluent meeting
McAllen’s  current effluent discharge limit.

1.6 Recommendations

The results of this research offer compelling evidence that ZeeWeed is a versatile water
reuse technology that can microfilter secondary effluent and clarify activated sludge to
qualities suitable for use as RO feedwater. The testing described herein was of limited
duration and could not address the critical issues related to the reliability and cost of
this technology. Further, the ZenoGem process was limited to operation for basic
secondary treatment; capability for its use in the context of sustained nitrification  or
biological and/or  chemical nutrient removal was not addressed. There is a compelling
need for extensive reseach  to:

1. Determine if ZeeWeed  can consistently produce the necessary quality filtrate
at a sustained flux over many thousands of hours of operation and multiple
chemical cleanings (process and product reliability)
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2. Estimate the full-scale capital and operating costs of ZeeWeed for secondary
effluent treatment and of ZenoGem for raw wastewater treatment relative to
the currently preferred approach of conventional wastewater treatment and
MF

3. Establish that ZenoGem is a sufficiently versatile process to be applied not
only for secondary treatment but also for high level nitrification  or biological
nitrogen removal (when preceded by anoxic  treatment)

4. Demonstrate that RO can be operated as cost effectively on ZeeWeed or
ZenoGem filtrate as on Memcor filtrate

Additional recommendations for future research include:

1. Perform a more comprehensive evaluation of ZenoGem on raw wastewater at
the McAllen  SWWTP to:

a. Optimize performance characteristics.

b. Confirm process reliability.

c. Assess operating and maintenance characteristics.

d. Evaluate impact of bioreactor conditions (MIVSS  and SRT)  on filtrate
quality, particularly SDI.

e. Provide data needed to prepare representative estimates of capital and
operating costs for the process.

Operate a RO system on ZenoGem filtrate to:

1. Assess RO fouling characteristics of this supply.

2. Determine appropriate design criteria for the RO process in the context of
indirect potable reuse.

3. Assess the quality of RO concentrate and its compatibility with the proposed
mea.ns  of discharging concentrate at McAllen.

4. Demonstrate that the quality of RO product water meets or exceeds IPR
requirements.

Pursue in-depth cost analyses of both the ZeeWeed and Memcor MF systems prior to
pursuing design of a full-scale water treatment plant using either technology.

Install ammonia feed facilities to prevent free chlorine from combining with
trihalomethane (THM)  and haloacetic acid (HAA)  precursors.
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2. STUDY OBJECTIVES

The research to be conducted under this program has five objectives:

Confirm the applicability of the Memcor MF system for RO pretreatment of
secondary effluent from the McAllen  WWTP and compare its cost for
McAllen with that established for full-scale IPR projects in California and
Arizona.

Compare the ability of ZeeWeed, a novel microfiltration technology, to
provide an RO feedwater of quality equivalent to Memcor filtrate when
processing secondary effluent from the McAllen  WWTP.

Evaluate the ability of ZeeWeed MF, when used in conjunction with the
ZenoGem process, to directly treat screened, de-gritted wastewater to a
quality suitable for direct processing by RO, and compare ZenoGem titrate
quality to that of ZeeWeed and Memcor MF treating secondary effluent.

Compare the operating characteristics of the ZeeWeed MF to Memcor MF, for the
purpose of producing an acceptable RO feed for IPR, when used:

To directly treat secondary effluent

. In conjunction with the ZenoGem process to treat screened, de-gritted
wastewater.

Compare the wastewater treatment efficiency of the ZenoGem process to that of
extended aera,tion  as performed at the McAllen WWTP by measuring the removal of
CBOD,, TSS, and ammonia nitrogen.
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3. PILOT PLANT FACILITIES

The pilot plant. facilities used Memcor and ZeeWeed MF systems. The pilot plant
consisted of the Memcor and ZeeWeed units, plus ancilliary  equipment such as a raw
water supply pump, piping, valves, and fittings, all of which interfaced with existing
McAllen WWTP electrical and piping systems. A description of the other components of
the pilot plant facilities is presented in the following sections.

3.1 Raw Water Supplies

During Phase I, the raw water supply to both treatment systems,yas  secondary
effluent from the SWWTP. Three sources of secondary effluent w&e available from the
SWWTP as feedwater during Phase I:

. Effluent prior to disinfection (unchlorinated effluent)

Effluent disinfected with chlorine

Disinfected effluent subsequently dechlorinated with sulfur dioxide
(disi,nfected,  dechlorinated effluent or DDE).

Based on other pilot studies, the Memcor system appears to operate much more
efficiently on disinfected effluent because disinfection greatly reduces fouling caused by
bacterial loading on the membranes. Historical use of ZeeWeed in the ZenoGem
process indicates that the ZeeWeed membrane is not as susceptible to bacterial fouling
and should operate with equivalent performance on any of the sources. This is because
the bacteria loading and its corresponding fouling is controlled by backpulsing the
membranes with chlorinated water every 6 to 12 minutes.

DDE may, however, contain greater concentrations of chlorinated disinfection
byproducts @BPS)  that are formed from the reaction of free chlorine and certain
organic compounds present in the wastewater. Two of these byproducts,
trihalomethanes (THMs)  and haloacetic acids (HAAs)  are either currently regulated or
are scheduled for regulation in drinking water supplies under the Safe Drinking Water
Act. Chlorinated DBPs  are a concern in the secondary effluent because they are
refractory to removal by both MF and RO and may adversely impact the City’s ability
to produce an acceptable quality of reclaimed water when the reclaimed water is
blended with the City’s current raw water supply.

Waste-water plants that convert ammonia to nitrite and nitrate through the process of
nitrification typically contain insufficient levels of ammonia in the secondary effluent to
convert the chlorine applied during the disinfection process to chloramines.
Consequently, the free chlorine present during disinfection reacts with the organics  to
form chlorinated DBPs.  Although the McAllen  WWTP is not designed to nitrify,  the
warm wastewater temperatures at McAllen  result in unplanned nitrification  during a
significant portion of the year and produce variable and low levels of ammonia in the
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secondary effluent. A review of operating data for the M&Ben  WWTP for a l-year
period indicates that ammonia concentrations vary between ~0.1 and 8 mg/J+  over as
little as a 2.week  period. Chlorinated DBP levels in the DDE may be problematic unless
ammonia levels are maintained at 0.5 mg/L  or greater in the unchlorinated effluent.

The City currently minimizes the formation of chlorinated DBPs  in their water
treatment process by avoiding the use of free chlorine. Chlorine dioxide is used as a
pre-oxidant and primary disinfectant; chloramines are used for secondary disinfection.
Blending reclaimed water that contains significant concentrations of THMs  and HAAs
with the City’s existing raw water could potentially increase THMs  and HAAs  in the
potable water to unacceptable levels. The U.S. Enviromental  Protection Agency (EPA)
has proposed new regulations that would reduce the maximum contaminant level
(MCL)  for THMs  from 100 micrograms per liter (l&L)  to 80 pg/L  and place into effect
an MCL for HAAs  of 40 pg/L. This compares to levels of 50 to 250 pg/L  for these
constituents for nitrified and disinfected secondary effluents (Najum,  1997).

An  additional concern is that the membrane material used with the Memcor system is
intolerant to free chlorine. Any exposure will reduce membrane life. The ZeeWeed
membrane material can tolerate continuous high free chlorine levels.

Given these concerns, sampling and analysis for THMs  and HAAs  was conducted on a
sample of DDE prior to the start of Phase I testing. The results, which are discussed in
Section 5, indicated that the best overall source for testing the Memcor and the
ZeeWeed MF systems was DDE. Consequently, DDE was used as the feedwater to the
two MF units during Phase I.

During Phase II, the water supply for the ZenoGem  process was screened, de-gritted
wastewater while the Memcor unit continued to operate on DDE.

3.2 Raw Water Abstraction and Pumping

DDE was abstracted from the outlet channel of the WWTP chlorine contact basin down-
stream from the dechlorinating agent (sulfur dioxide [SO&  injection point. A
submersible pump was used to transfer the effluent from the abstraction point to the
two treatment systems.

Capability was also provided to abstract unchlorinated effluent from the inlet channel
to the chlorine contact basin prior to chlorine injection. However, it was not necessary
to use this capability during the study.

Screened, de-gritted wastewater was abstracted from the aeration basin influent
splitter box and pumped to the ZeeWeed process tank for use in the ZenoGem  process
during Phase II.

Abstraction points relative to the WWTP processes are presented in figure 3.1.
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3.3 Raw Water Screening

Raw water to the Memcor MF system was screened using a basket strainer with a
nominal retention rating of 500 microns (pm). Screening was necessary to prevent
clogging of the inlet distributors of the membrane modules. No screening (other than
that provided by the McAllen  WWTP headworks) was needed ahead of the ZeeWeed  MF
system because there were no inlet distributors to clog.

For the first 2 days of Memcor operation, the basket strainer was incorrectly fitted with
a larger one-eighth-inch opening basket. This caused larger-sized particles to clog the
wye strainer on the suction side of the Memcor feed pump and reduce backwashing
effectiveness. The impact of the impaired backwashing on Memcor performance is
described in section 5.3.4.1.

3.4 Memcor Microfiltration Treatment System

The Memcor MF  treatment system consisted of a 100.gallon  (379-Liter)  break (feed)
tank, a feed pump, and three membrane modules plumbed in parallel. Each module
contained 162 square feet (ft? (15 square meters [m?) of hollow fiber membrane having
a nominal pore size of 0.2 microns, The modules are designed to operate in a direct flow
configuration where all the feedwater applied to the module flows from outside the fiber
through the fiber wall to the inside (lumen) and is collected as filtrate. All modules
were operated concurrently to provide a unit capacity of 16 to 20 gallons per minute
(gpm) (1.0 to 1.26 liters per second IL/s]),  depending on the target flux rate, with a~
module feed pressure of 30 to 35 psig (2.0 to 2.3 bar).

Periodically, the modules were backwashed in a three-step procedure to remove solids
that had accumulated on the outer surface of the fibers during the filtration cycle.
First, the lumen of each fiber was drained of filtrate. Compressed air was introduced
into the lumen of the membrane and subsequently forced through the pores of the
membranes to the feed side at high pressure (lOO+ pounds per square inch gauge [psig]
[6.9 + bar]). During this process, solids were displaced from the membrane surface into
the spaces between the fibers. In the second step, feedwater was used to flush (sweep)
the discharged solids from the modules. The resulting backwash water, containing the
solids removed from the modules, was conveyed to a 30-gallon  (114-Liter)  tank
especially designed to dissipate energy in the high velocity, air-containing backwash
stream. Equipment used for backwashing included a compressor capable of developing
120 psig (8 bar) air pressure, air receiver, pressure regulator, and coalescer  and filter
for air drying and filtration.

The backwash water was discharged from the backwash tank to one of the secondary
clarifiers by gravity. Filtrate was also discharged to the secondary clarifier.

Backwashing did not completely remove the solids trapped on the membrane surface
during filtration and eventually the pressure differential across the membrane



(transmembrane pressure) increased to a terminal value (typically 17 to 18 psig [1.1 to
1.2 bar]). At th,is  point, the membrane modules were chemically cleaned to dissolve and
remove the refractory solids. Cleaning solutions were batched in the break tank,
recirculated through the modules, and discharged to the sanitary sewer upon comple-
tion of the cleaning procedure. With the exception of batching of cleaning solutions and
initiation of the cleaning sequence, all operations of the system are automated and
controlled by a programmable logic controller (PLC).

Cleaning was performed seven times using Memtec’s proprietary, high-pa  caustic/
surfactant proprietary liquid cleaner (Memclean  EXA). When this cleaner alone was not
successful in reducing transmembrane pressure (TMP)  to desired levels, it was
supplemented with a separate cleaning using citric acid.

A process flow schematic for the Memcor system is shown in figure 3.2. Photographs of
the Memcor system are presented in appendix A.

3.5 ZeeWeed Treatment System

The ZeeWeed model MSTD ZW-4 MF system has a nominal capacity of 3 gpm
(0.19 L/s). The system consists of a supply pump, 180-gallon  (681 Liter) process tank,
one membrane module containing 150 ft’ (13.9 m’) of hollow fiber membranes with a
nominal pore size of 0.1 micron, a process pump, and a blower. In contrast to the
Memcor system, whose membrane module consists of a bundle of fibers encased in a
pressure vessel, the ZeeWeed membrane module consists of loose fibers connected to a
manifold system at either end, with the module suspended in the process tank and
submerged in the liquid to be treated. Treatment occurs when a centrifugal (process)
pump applies a vacuum of 3 to 9 psig (6 to 18 inches of Hg) to the filtrate side of the
fibers. The vacuum causes water in the stream (secondary effluent or mixed liquor) to
flow from the feed side to the filtrate side of the membrane in a direct filtration mode
under a positive transmembrane pressure.

Solids buildup on the outside surface of the membrane fibers and related increases in
filtrate side vacuum is controlled in two ways. First, a blower is used to introduce air
(in the form of coarse bubbles) into the bottom of the process tank directly beneath the
membrane fibers. The air bubbles flow upward, parallel to and between the vertically
oriented fibers, causing the fibers to agitate against one another. This results in
mechanical cleaning. Secondly, the fibers are backflushed every 6 to 12 minutes with
filtrate (hydraulic cleaning). Typically, a low concentration of chlorine (~5  parts per
million [ppm])  is maintained in the backflush water to inactivate and remove microbes
(primarily bact,eria)  that colonize the outer membrane surface. For this study, no
chlorine was used in order to minimize formation of THMs  and HAAs  in the filtrate.
Backflushing is accomplished using discharge head from the process pump. Unlike
Memcor backwashing, backflush water is retained in the process tank. To control the
buildup of solids in the process tank, a percentage of the tank volume is continuously
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extracted using a peristaltic pump. The actual volume of backwash varies depending on
the backpulse frequency and duration, but is typically equal to 5 to 15 percent of the
filtrate flow from the unit.

ZeeWeed feedwater (either DDE or screened, de-gritted wastewater) was pumped to a
55-gallon  (203Liter)  balance tank using a submersible pump. A grinder-type
submersible pump located in the bottom of the balance tank transferred the raw water
to the ZeeWeed process tank. Excess flow from the balance tank was recycled by gravity
back to the secondary clarifier along with blowdown  from the process tank and filtrate.

Like the Memcor system, mechanical and hydraulic cleaning does not completely
prevent fouling and after some period of operation, filtrate-side vacuum reaches a
terminal value (17 to 19 inches of Hg). At this point, the membranes are chemically
cleaned with filtrate containing a high concentration of free chlorine (typically
200 ppm). In this pilot study, the ZeeWeed module was not cleaned until the
termination of each testing phase.

Some of the filtrate extracted from the module by the process pump is discharged from
the system to the secondary clarifier. The remainder is returned to the process pump.
This permits separate control of membrane flux and hydraulic retention time (HRT) of
feedwater in the tank. When treating secondary effluent, control of HRT is not critical.
A process flow schematic for the ZeeWeed system is shown in figure 3.3. Photographs of
the ZeeWeed MF  system are presented in appendix A.

3.6 ZenoGem Operation

Operation of the ZeeWeed unit as part of the ZenoGem process is similar to that
described in subsection 3.5 except that (1) the rate of filtrate discharge to the secondary
clarifier is controlled to achieve the desired HRT in the process tank (bioreactor) and
(2) solids buildup in the bioreactor is controlled through once-per-day manual wasting
to achieve the desired solids retention time (concentration of mixed liquor suspended
solids) in the bioreactor. Proper HRT control is required to achieve the desired degree of
CBOD, and ammonia removal by the biomass maintained in the bioreactor. Unlike a
conventional wastewater  treatment plant that operates at MLVSS levels of 2,000 to
3,000 mg/L, the ZenoGem process is designed to operate at MLVSS levels of 10,000 to
15,000 m&. This allows for greater concentration of wastewater microorganisms in
the treatment system.

3.7 Criteria for Treatment System Operation

Table 3.1 presents criteria that were established for operation of the two MF systems
during the pilot testing. Table 3.2 presents additional criteria used during testing of the
ZenoGem process. These criteria reflect the individual manufacturer’s experience with
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Table 3.1 .-Criteria for Memcor CMF and ZeeWeed MF System Operation

Parameter Units Memcor CMF ZeeWeed  MF
Transmembrane Pressure psi 3to20 3 to 9
Membrane Flux gfd’ 35 20 to 40
Backwash!Sackpulse minutes 15to20 6to12
Frequency
Backwash/Backpulse seconds 90 10
Duration
Cleaning Frequency d a y s 3 to 5 20 to 30
‘gfd - gallons per day per square foot of membrane filtering surface

Table 3.2.-Biological  Treatment Criteria for ZenoGem Process

Parameter Units ZenoGem-
Mixed Liquor Volatile Suspended Solids mg/L 10,000
(MLVSS)
Dissolved Oxygen mg/L >2
Hydraulic Retention Time d a y s 2 - 4

DDE and (for ZenoGem) screened, de-gritted wastewater. Some of the criteria were
modified durin,g  the study in response to the actual fouling characteristics of the two
feed streams from the WWTP. The actual operating criteria are discussed in section 5
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4. TESTING APPROACH

The two treatment systems (,Memcor  and ZeeWeed)  were operated 24 hours a day,
7 days a week except for cleaning downtimes or planned and unplanned maintenance.
The pilot testing program was divided into two phases:

Phase I: Operation of Memcor MF and ZeeWeed MF systems on DDE from
McAllen  WWTP No. 2.

Phase II: Continued operation of Memcor MF system on DDE; operation of
ZeeWeed MF system as part of the ZenoGem  process on screened, degritted
wastewater.

4.1 Pre-Phase I Activities

Prior to beginning operation of the treatment systems, several preliminary activities
were necessary, including characterization of the quality of McAllen’s  current raw
water supply and the chlorinated byproduct content of the secondary effluent. These
activities are described below.

4.1 .l Raw Water Supply Characterization

The overall goal of IPR is to produce a reclaimed water of suitable quality for
supplementing M&hen’s current raw water supply. Thus, as part of this study, it was
desirable to characterize the quality of the raw water supply and to compare it to th,e
quality of reclaimed water produced by MF treatment (but prior to RO treatment).

Raw water characterization was conducted both prior to and during the operation of
pilot equipment. A listing of water quality parameters selected for analysis and the
laboratory responsible for analysis of each parameter are shown in table 4.1. Analyses
were performed by CH2M  HILL’s Applied Sciences Laboratory and the McAllen
wastewater laboratory. Particle counts were measured using a Met-One model
WGS-267 grab sample type particle counter.

4.1.2 MF Feedwater Selection

During Phase 1 operation, both MF units were to operate on secondary effluent from
the WWTP. Feedwater could be abstracted from one of three sources following
secondary treatment. These sources would provide unchlorinated secondary effluent,
chlorinated secondary effluent, or dechlorinated secondary effluent. As discussed in
section 3, proper feedwater selection required that the levels of selected DBPs  in the
chlorinated secondary effluent be quantified.
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Parameter
Table 4.1 .-Source Water Charaterization

No. Of Samples Analytical Method Responsible Laboratory
lnorqanics
Bromide
Barium

Calcium
Magnesium
Strontium
Potassium

Sodium
Iron

Manganese
Aluminum

Bicarbonate
Carbonate
Chloride
Fluoride
Sulfate
Nitrate

Phosphorous
Silica
TDS

Organics
TOC
Color

UV Absorbance
THMFP (96-hr)
HAAFP (96-hr)

Physical/~hemi&al
Temperature

PM

2 EPA 300 McAllen
2 EPA 200.7 McAllen
2 EPA ZOO.7 McAllen
2 EPA 200.7 McAllen
2 EPA ZOO.7 McAllen
2 EPA 200.7 McAllen
2 EPA 200.7 McAllen
2 EPA ZOO.7 McAllen
2 EPA 200.7 McAllen
2 EPA 200.7 McAllen
2 EPA 310.1 McAllen
2 EPA 310.1 McAllen
2 EPA 300 McAllen
2 EPA 300 McAllen
2 EPA 300 McAllen
2 EPA 306 McAllen
2 EPA 365.1 McAllen
2 EPA 200.7 McAllen
2 SM 52108 McAllen

2 EPA 110.2 CH2M HILL
2 EPA 415.112 CH2M HILL
2 SM5910A CH2M HILL
2 SM5710D CH2M HILL
2 SM 5710 D CH2M HILL

2 Not Applicable McAllen
2 SM 4500 H McAllen

Turbidity
SDI

Particle Count

Microbial
Total Coliform
Fecal Colifon

HPC

SM2130B

Met-One Model 567
Particle Counter

SM 9222 D
SM 9222 D
SM9215B

McAllen
McAllen
McAllen

McAllen
McAllen
McAllen

To evaluate DBP levels, a sample of DDE was collected on February 25, 1997, and
analyzed for levels of THMs  and HAAs.  (Disinfected secondary effluent at the McAllen
WWTP is dechlorinated prior to discharge to conform to requirements of their National
Pollution Discharge Elimination System [NPDES]  permit.) A sample of unchlorinated
secondary effluent was also analyzed to determine the levels of these contaminants
before chlorination. Analyses were performed by the CH2M  HILL Applied Sciences
Laboratory. The results, which are presented and discussed in section 5.0, indicated
low levels of both byproducts in the chlorinated secondary effluent and supported the
use of DDE for MF feedwater.

-
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4.2 Phase I

Phase I testing was conducted from April 10 through June 18, 1997, for the Memcor
system and from April 14 through June 15, 1997, for the ZeeWeed system. Both MF
systems were operated on a common raw water supply of DDE.

The objectives of Phase I were to:

Confirm the applicability of the Memcor MF system for RO pretreatment of
secondary effluent from the McAllen  WWTP.

Compare the ability of ZeeWeed, a novel microfiltration technology, to
provide an RO feedwater of quality equivalent to Memcor filtrate when
processing secondary effluent from the McAllen  WWTP.

The focus during Phase I was to first establish and maintain system operation at the
manufacturer’s recommended criteria, observe resulting performance, and then, using
these results, optimize operating conditions. The following response variables were
monitored and evaluated during the initial period of operation and used to perform the
optimization:

Filtrate quality (as measured by turbidity, SDI, and level of indicator
microorganisms).

Rate of TMP increase with operating time, initially and following each
chemical cleaning.

Effectiveness of cleaning in reducing membrane fouling as measured by
reduction in TMP.

4.3 Phase II

Phase II  testing was conducted from June 19 through August 15 for both treatment
systems. The specific objectives of this phase of testing were to:

Evaluate the ability of ZeeWeed MF, when used in conjunction with the
ZenoGem  process, to directly treat screened, de-gritted wastewater to a
quality suitable for direct processing by RO, and compare ZenoGem  filtrate
quality to that of ZeeWeed and Memcor MF treated secondary effluent.
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Compare the operating characteristics of the ZeeWeed MF when used:

l., To directly treat secondary effluent.

z In conjunction with the ZenoGem process to treat screened, de-gritted
wastewater.

Compare the wastewater treatment efficiency of the ZenoGem process to that
of extended aeration as performed at the McAIlen  WWTP by measuring the
removal of CBOD,, TSS, and ammonia nitrogen.

The ZenoGem process incorporates ZeeWeed for retention and clarification of biological
solids used for secondary treatment. In this phase, testing of the ZenoGem system has
two goals:

Biologically treat the screened, de-gritted wastewater to produce a
“secondary effluent” meeting or exceeding the quality requirements of the
City. These requirements include producing an effluent that meets all the
requirements of the City’s NPDES  permit for surface discharge.

Microfilter the “secondary effluent” to a quality suitable for use as RO
feedwater and equivalent to that produced by the Memcor and ZeeWeed MF
systems when treating secondary effluent (demonstrated during Phase I).

The Memcor system operation continued as in Phase I. The ZeeWeed system was
operated on screened, de-gritted wastewater.

Response variables for Memcor and the ZeeWeed MF system are as listed under
Phase 1. Response variables for the biological treatment portion of the ZenoGem
process are as follows:

. Oxygen uptake rate (OUR)
Filtrate CBOD,
Filtrate TSS
Filtrate nutrients (nitrogen species and total phosphorus)

The results of Phase I and Phase II testing are discussed in section 5.0.

-
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4.4 Treatment System Monitoring

During the testing phases, various performance parameters were monitored to evaluate
operation of the treatment systems and the quality of the water fed to and produced by
the systems. The parameters that were monitored are presented in the following
sections.

4.4.1 Microfiltration System Operating and RO Feedwater Quality
Parameters

Operating parameters for the MYF  systems,were  monitored on a daily basis by McAllen
personnel to evaluate the treatment systems. Additionally, the effluents from the Ml?
systems were monitored on a daily basis to evaluate the suitability of the effluent for
processing by RO.

The operating parameters that were monitored are presented in table 4.2. The RO feed-
water quality parameters, the monitoring frequency, responsible analytical party, and
analytical met,hods  are presented in table 4.3. AR  water quality samples were collected
by McAllen  personnel.

Table 4.2.-Monitored  Operating Parameters for MF Systems
ZeeWeed and memcor Phases 1 and II-

Parameter Uni t Memcor ZeeWeed
Feed Pressure Psig X
Filtrate Pressure Psig X
Filtrate Vacuum in. Hg X
Feed Flow gpm X
Filtrate Temperature deg C. X X
Filtrate Flow wm X X
Backwash (pulse) Frequency m i n X X
Backwash Duration set X X
Process Tank Waste Rate qpm X
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Table 4.3.-Monitored  RO Feedwater Quality Parameters
ZeeWeed and Memcor Phases I and II

Monitoring Frequency

Analyt ical ZeeWeed  Filtrate Memcor Filtrate
Parameter Laboratory Feedwater’-

Turbidity McAl len i/day

Silt Density index McAl len None l/day 1 /day

’ Feedwater t’o  ZenoGem process during Phase II not monitored for these parameters

4.4.2 ZenoGem Process Operating and Water Quality Parameters

Additional parameters were measured in the bioreactor to control operations in the bio-
logical treatment portion of the ZenoGem process. Additional water quality parameters
were also mo,nitored  to evaluate the effectiveness of the ZenoGem process for biological
treatment. All samples were collected by McAllen personnel on a weekly basis. The
biological treatment operating and water quality parameters are presented in tables 4.4
and 4.5, respectively.

Table 4.4.-Monttored  Biological Treatment Operating Parameters
ZenoGem Process Phase II-

Parameters Analytical Monitoring
Laboratory Frequency

Dissolved Oxygen McAllen l/week
Mixed Liquor Suspended Solids McAllen l/week
Oxygen Uptake Rate’ CH2M HILL l/week
Mixed Liouor Volatile Suspended McAllen l/week

’ OUR is a calculated value. the equation for calculating OUR is:
OUR (mg5%r)+  Average DO (mg/L/min)  X 50 min/hour
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Table 4.5.-Monitored  Biological Treatment Water Quality Parameters
ZenoGem Process Phase II

Parameters Analytical Analyt ical ZenoGem Z e n o G e m  WWTP W W T P
Laboratory Method Feed Filtrate Feed Effluent

CBOD, McAllen SM 521 OB X X X X
Ammonia McAllen SM 4500- X X X X
Nitrogen NHBF
(NHBN)
Total CH2M HILL EPA 351.4 X X
Kjeldahl
Nitrogen
VW
Nitrite and CH2M HILL EPA 353.2 X X
Nitrate
Nitrogen
Total CH2M HILL EPA 365.1 X X
Phosohorus

4.4.3 Other Water Quality Parameters

Additional water quality parameters were monitored for the Memcor and ZeeWeed  MF
systems to evaluate the operation and effectiveness of the MF systems relative to
overall water goals for IPR. These are presented in table 4.6 along with the monitoring
frequency, responsible analytical laboratory, and analytical method. All samples for
water quality analysis were collected by McAllen personnel.

4.5 Data Evaluation

Several of the operating parameters and water quality parameters presented above, as
well as some of the operating criteria presented in section 3.0 were compiled, reduced,
and analyzed to evaluate operation of the treatment systems.

The MF system operating parameters and RO feedwater quality parameters that were
used to evaluate and compare the MF systems are presented in table 4.7 and discussed
below. In addition to the parameters presented in table 4.7, all of the water quality
parameters presented in table 4.6 were used to evaluate the MF systems. Additionally,
operating and water quality parameters presented in tables 4.4 and 4.5 were used to
evaluate the biological treatment portion of the ZenoGem process.
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Table 4.6.--Qther  Monitored Water Quality Parameters for MF Systems
Memcor and ZeeWeed Phase I and II

Parameter Analytical Analytical Feedwater ZeeWeed Memcor
Laboratory Method Filtrate Filtrate

Total Dissolved McAllen SM 521 OB l/month .I/month l/month
Solids
Conductivity McAllen SM 521 OB
Total Organic Carbon CH2M HILL EPA 110.2
Color CH2M HILL EPA 415.112
UV Absorbance @ McAllen SM 5910A
254nm
THMs CH2M HILL SM 5710.D

HAAs

PH
Particle Count

Heterotrophic Plate
Count
Total Colifonn

CH2M HILL SM 5710.D

McAllen SM 4500H
McAllenlMetOne NA’

McAllen SM 92158

McAllen SM 9222D

1 /day
2l month
2f month
l/week

1 /test
period
1 /test
period
1 /day
None

1 /day 1 /day
l/week l/week
l/week l/week
3lweek 3/week

l/test
period
1 /test
period
1 /day
3/test
period
1 /test
period
1 /test
period
1Aest

l/test
period
1 /test
period
l/day
3/test
period
l/test
period
l/test
period
1 /testFecal Coliform McAllen SM 9222D

period period
’ A Met-One model WG-267 on-line particle counter was used to measure particle counts in the

filtrate.

Table 4.7.-Microfiltration  System Operating and RO Feedwater Quality Output Parameters
Memcor and ZeeWeed MF Systems

Operating Parameter -
Filtrate Flow
Membrane Flux
Transmembrane  Pressure
Feedwater Recovery
Feedwater Turbidity
Filtrate Turbidity
Filtrate SDI
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Filtrate Flow and Membrane Flux. Filtrate flow and membrane flux target levels were
established by the manufacturers at the start of Phase I. These target levels were
controlled as closely as practical during the testing period by manual adjustment of the
filtrate flow control valve on each unit. Membrane flux is directly proportional to
filtrate flow based on equation 1:

J = (Qi x 1440)/A,

where:

(1)

J = membrane flux in gallons per day per ft’ (gfd)
filtrate flow in gpm
membrane filtering surface area, ft2

Transmembrane Pressure. TMP represents two factors: the resistance to the flow of
water of (1) the membrane and (2) materials in the feedwater (foulants) that
accumulate at the membrane surface or within the membrane pores. TMP at the start
of the test (with a clean membrane) represents only the resistance of the membrane. As
foulants  accumulate and cannot be effectively removed by backwashing/pulsing,  the
TMP increases in relation to the resistance to flow exerted by the foulants. Thus, the
rate of increase in TMP is directly proportional to the rate of membrane fouling.

Feedwater Recovery. Feedwater recovery represents the percentage of treated
feedwater that; is converted to filtrate. For the Memcor unit, recovery is defined
according to equation 2:

Y = [(Qf  x TJ(Qr  x T, + VJl  x 100 (2)

where:

Y = recovery, expressed as a percentage
Qr = filtrate flow, gpm
T, = filtration interval (time between backwashings), minutes
v, = volume of backwash water, gals

Feedwater recovery for the ZeeWeed  unit is defined according to equation 3:

Y = K&  x T&B  x Tic  + VJI  x 100

where:

Y = recovery, expressed as a percentage
Qi = filtrate flow, gpm
T, = filtration interval (time between bioreactor tank liquid wasting),

minutes
v, = volume of liquid wasted from the bioreactor tank, gals

3 3
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The liquid volume wasted from the bioreactor tank is synonymous with the sludge
volume wasted as discussed later in this report.

Turbidity and SDI. The primary water quality parameters used to judge the
effectiveness of the MF treatment processes in producing a high quality RO feedwater
are turbidity and silt density index (SDI).  Traditionally, the RO membrane
manufacturers have established the following as criteria for efficient RO operation:

turbidity: ~0.2  N’I’U

SDI: 53 (based on 15.min  test interval)

SD1  is defined by equation 4:

SD1  = 100 x [l-TJT,]/T’,

where:

(4)

Ti = time to filter initial 500 ml of MemcorlZeeWeed  filtrate, min
T,  = time to filter final 500 ml of Memcor/ZeeWeed  filtrate, mm
T,  = time between from start of Ti  to start of Ti,  min
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5. PILOT TESTING RESULTS

This section presents the results of Phase I and Phase II testing. All data collected
during the study are presented in appendix B as follows:

Operating data for Memcor, Phases I and II: Table B-l
Operating data for ZeeWeed (ZenoGem),  Phase II: Table B-3
Water quality data for Memcor, Phases I and II: Table B-4
Water quality data for ZeeWeed, Phase I: Table B-5
Water qu,ality  data for ZeeWeed, Phase II: Table B-6

CH2M  HILL laboratory reports containing analytical data and quality assurance/
quality control information are presented in appendix C. Results for water quality
parameters an,alyzed  by the McAllen  water and wastewater laboratories were
communicated to CH2M  HILL by facsimile on daily or weekly sampling logs. These
data, along with CH2M  HILL laboratory data were tabulated and incorporated into
tables B-4 through B-6 in appendix B.

5.1 DBP Characterization of Disinfected, Dechlorinated,
Secondary Effluent

As described in Section 4, samples of unchlorinated secondary effluent and DDE were
collected prior to the start of testing and analyzed for THMs  and HAAs  to assess the
potential for regulated DBPs  to be present in the reclaimed water. The results, shown
in table 5.1, indicate very low levels of both THMs  and HAAs  (around 10 pg/L  or less) in
both sources. The low levels in the unchlorinated effluent indicate that any DBPs
present in the City’s finished water have degraded between distribution and collection
as wastewater. The low levels of DBPs  present in the DDE reflect the presence of
sufficient ammonia in the secondary effluent at the time of sample collection (0.68 mg/L
as N)  to react with and convert the free chlorine to combined chlorine (chloramines),
thereby inhibiting the formation of THMs  and HAAs.  Ammonia levels vary significantly
in the secondary effluent (from ~0.1 to >8  mg/L)  and DBP analysis of samples collected
where ammonia levels are lower would most probably show greater DBP
concentrations Full-scale implementation of IPR may require that a minimum
ammonia level, be maintained prior to disinfection to minimize DBPs  in the reclaimed
water.

5.2 Source Water Characterization

Two sets of samples were to be collected from MeAllen’s  raw water reservoir prior to
Phase I operat,ions.  These samples were to be analyzed for inorganics,  organics,
physical/chemical parameters, and microbial parameters to characterize the quality of
the existing ra,w  water supply. The first set of samples was collected during the first
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quarter on March 11, 1997, and shipped to the CH2M  HILL laboratory for analysis of
inorganics  and organics.  However, due to a communications error, no samples were
collected for analysis of physical/chemical or microbial parameters.

Table 5.1 .-DSP  Concentrations in Unchlorinated and Disinfected/
Dechlorinated Secondary Effluent

Source THM Concentration @g/L)  HAAs  Concentration @g/L)-

Unchlorinated effluent ‘4 4.2

Disinfected/dechlorinated Zc5 6.3
effluent (DDE)

’ Level of each of four THM species was less than l-ug/L  detection limit.
* Levels of three of four THM species were less than l-ug/L  detection limit.

Fourth species was measured at 1.9 us/l.

Additional samples were collected on June 2 through June 4, 1997. The June 2 samples,
representing the second sampling event, were analyzed for inorganic compounds and
physical/chemical parameters. A second set of samples was collected on June 4 and
analyzed for physicalkhemical  parameters only (to account for the omission of sampling
for these parameters on March 11, 1997). However, no samples were collected as
scheduled on June 2 and 4 for analysis of microbial parameters. Therefore, additional
samples were collected on September 3 and September 25 for analysis of microbial
parameters.

Particle counts were obtained on samples collected on June 3 and June 4, using a grab
sample particle counter provided by Met-One and installed temporarily at Water
Treatment Plant No. 2.

Source water characterization data are presented in tables 5.2 through 5.4. The data
indicate that, McAllen’s  raw water source:

. Is moderately turbid

Contains high levels of dissolved solids, especially hardness and sulfate

Contains moderate levels of organic matter, particularly compounds that
form THMs  when exposed to free chlorine

Shows evidence of pollution, e.g., low but measurable concentrations of
nitrate and phosphorus and fecal and total coliforms

. Has high RO membrane fouling and scaling potential as evidenced by high
turbidity, SD1  and particle counts, and elevated concentrations of the
sparingly soluble salts, barium, calcium, strontium, bicarbonate, and sulfate
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Table 5.2.-Source  Water Characterization - Inorganic, Organic and
Physical/Chemical Parameters

Result
Parameter 3/l  l/97 612197 614197 Units

lnorganics
Alkal ini ty 130 106 NS’ mg/LZ,’

Bicarbonate 159 129 N S mglL

Carbonate 1 <2.04 N S mgk
Bromide 0.1 0.54 N S mglL

Chloride 155 207 N S mg/L

Color, Apparent 17 10 N S color units

UV-254 0.112 0.092 N S l/cm

Fluoride 0.59 0.99 N S m#-
Nitrate 0.58 co.1  0 N S wfl.
Total Phosphorus 0.05 co.05 N S w/L
Silica-Reactive 6 13.55 N S mg/L

TDS 720 772 N S mgfl
Sulfate 247 262 NS mg/L
Aluminum 1.22 0.248 N S wR.
Barium 0.127 0.124 N S mgk
Calcium 77 77.7 N S mgn
Iron 0.77 0.171 N S mg/L
Magnesium 22.1 27.9 N S mgn
Manganese 0.025 0.018 N S mg/L
Potassium 9 9.58 N S mgn
Silicon 6.94 6.3 N S mg/L
Sodium 102 140 N S m@-
Strontium 2.05 2.4 N S mg/L
Total Hardness 285 311 N S mg/Lc

Organics

TOC 3.7 3.9 N S mg/L
SDS WAS.6 56 72 N S I?#-
SDS THM’ 236 215 N S m-
PhysicaVChemical
Temperature N S 28 28 4

PH N S 8 . 1 8 . 1 Units

Turbidity N S 11.2 18 NTU
Silt Density Index 14.6 15.6 N S unitless

’ NS - Not sampled for this parameter
2 mg/L  - milligrams/liter
‘Alkalinity and total hardness results repotted as CaC03
4 <x.x  .. Compound not detected above laboratory detection limit presented.
5 Calculated value
‘SDS HAAS  - Simulated distribution system haloacetic acids (5 species)
‘SDS THM - Simulated distribution system trihalomethanes
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Table 5.3.Source  Water Characterization - Microbial Parameters
Parameter 913197 g/25/97 Units

Total Coliform 20 20 CFU/l 00 ml
Fecal Coliform 4 6 CFUll  00 ml
HPC 1,200 1,100 CFUlml

Table 5.4.-Source  Water Characterization - Panicle Counts
I 6/3/97 614197

Panicle Size
(microns) Mean Minimum Maximum Mean Minimum Msximum

2.0 to 3.0 1,257 1,126 1,345 999 917 1,126
3.0 to 5.0 5,788 5,012 6,226 4,968 4,578 5,435
5.0 to 8.0 7,919 7,022 8,376 8,155 7,824 8,545
8.0 t0 10.0 2,659 2,442 2,832 3,551 3,143 3,827
10.0 to 15.0 1,965 1,040 2,319 3,087 2,573 3,604
> 15.0 658 348 1,366 713 537 966
Total’ 21,063 19,466 20,983 21,472 20,978 21,950

’ All particles > 2.0 microns in diameter.

Comparison of results between sampling events indicates that the raw water quality is
quite consistent over a 3-month  period.

5.3 Phase I Testing

5.3.1 Objectives

The objectives for Phase I were to:

Confirm the applicability of the Memcor MF system for RO pretreatment of
secondary effluent from the McAllen  WWTP.

Compare the ability of ZeeWeed,  a novel microfiltration technology, to
provide an RO feedwater of quality equivalent to Memcor filtrate when
processing secondary effluent from the McAllen  WWTP.

5.3.2 Operations

The Memcor and ZeeWeed  MF systems operating on DDE were commissioned during
the week of April 7, 1997. Field service representatives from the two manufacturers
were onsite  during this period to start-up their respective systems and train CH2M

-

-
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HILL and McAllen  personnel regarding operation and maintenance requirements.
Phase I operations officially commenced on April 14 and were completed for the
Memcor and ZeeWeed systems on June 18 and 16, respectively. Operation of each of
the MF systems is discussed below.

ZeeWeed. The ZeeWeed system achieved steady-state operation (concentration of
secondary effluent to 95 percent recovery in process tank) on April 11. From April 14
through June 16, the unit accumulated 1,492 operating hours out of a total of 1,493
available hours for an on-line factor of nearly 1 (100 percent). This on-line factor does
not account for the three separate periods when the unit was off-line because of a high
process pump discharge pressure condition that occurred during backpulsing when the
pilot plant operator was not present (off hours). This condition was easily rectified by
adjusting a pressure control valve and is not considered a process failure. The one hour
of unavailability was a result of the need to replace a section of tubing on the peristaltic
pump used to withdraw concentrate from the process tank (three separate events).

No chemical cleanings were conducted on the ZeeWeed MF system during Phase I. The
ZeeWeed MF unit was cleaned and prepared for Phase II operation at the end of
Phase I. Cleaning activities were performed by a Zenon  representative on June 16 and
June 17, 1997. The Zenon  representative noted a significant amount of green algae in
the system and also observed that the membranes were very dirty and contained a
brown slime. The cleaning procedures that were followed are presented in appendix D.

Water fluxes were performed on the membranes prior to the cleaning operations and
between each cleaning step. The results of each water flux are presented in table 5.5.
The results indicate that the first two cleanings were only partially effective in
restoring flux to “clean” conditions and that an overnight soak was needed to fully
reverse the effects of membrane fouling.

Memcor. The Memcor system was placed into service at design conditions on April 10.
From April 14  through June 18, the Memcor unit accumulated nearly 1,459 operating
hours out of a total of 1,566 available for an on-line factor of 0.93. The unit was
removed from service by the pilot plant operator on April 24, April 29, and June 10 to
perform a series of chemical cleanings in an attempt to reverse increases in TMP
resulting from membrane fouling. Cleaning was conducted on April 24 using Memclean
EXA  (proprietary blend of caustic and surfactant) followed by sequential cleaning with
citric acid and Memclean EXA on April 29. This series of cleanings was only partially
successful and on May 13, a Memtec service technician removed the unit from service
and subsequently weighed modules to determine mass of foulant  accumulated, removed
fibers for off-site foulant  analysis, performed two additional cleanings, and re-
programmed the cleaning cycle in the PLC. Memclean EXA was used during both
cleanings, however an overnight soak was incorporated into the first cleaning. These
cleanings were effective in reducing the TMP to near initial levels. The June 10
cleaning was conducted using Memclean EXA and it, too, was effective in reducing the
TMP to near initial levels. Table 5.6 summarizes available data for each cleaning
conducted during Phases I and II.
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Table 5.5.-Results  of ZeeWeed MF System Cleaning After Phase I Operations

Filtrate flow Vacuum

Activity
Before backwash ba:Eish

Before After
backwash backwash Temperature

0-m) (Lpm) (inches Ho) (inches Hq) W)

Water flux before
cleaning

Clean water flux after
initial flushing i3f process
tank

12 13 15 13.5 32

12 13 15 13.5 32

Clean water flux after 10 10 1 1 10 30
first NaOCl cleaning

Clean water flux after 12 12 10 10 30
second NaOCl cleaning

Clean water flux after NA 15 NA 4.5 28
NaOCl~tovemicfht  soaka

‘Additional measurements include: Flux at 2&C  - 38.04 GFD
Flux at 25C - 37.30 GFD
Permeability at 25C - 14.92 GFD/psig

Table 5.6.-Phase  I and II Memcor MF System Cleanings

Date

4/25/97

4129197

5/l 3197

6/l O/97
6124197
7117197
6l2l97

Operating Time TMP before TMP after Cleaning Chemical(e) Soak
(hours) Cleaning (psi) Cleaning (psi) Duration
325 16.0 11.9 1.  Memclean EXA 1. 1.5 hours

2. Citric Acid 2. 2 how-s
417 13.3 11.6 1. Citric Acid 1. 1.5 hours

2. Memcor EXA 2.2 hours
721 12.5 6.3 1.  Memclean EXA 1. 1 hour

2. Sodiurit  Hydroxide 2.2 hours
1370 19.7 11.2 Memclean EXA Not Recorded
1664 11.4 6.6 Memclean EXA 2 hours
2215 1 7 . 1 6.5 Memclean EXA 3 hours
2563 17.4 7.7 Memclean EXA 2 hours

5.3.3 Operating Conditions

ZeeWeed. Table 5.7 presents the operating conditions for the two systems, both as
planned and. as achieved during the reporting period. The ZeeWeed unit was operated
according to plan except for backpulse frequency, which was performed every 5 minutes
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instead of every 6 to 10 minutes, as planned. The change was made between Work
Plan preparation and plant commissioning following additional discussions with Zenon
technical representatives regarding the need to minimize the formation of DBPs  in the
filtrate. To address this need, Zenon  recommended eliminating chlorine during back
pulse and increasing the back pulse frequency to compensate for the absence of
chlorine. Cleaning frequency was undetermined because no cleanings were performed.

Table 5.7.-Planned  and Actual Operatinq  Parameters for MF Systems
ZeeWeed Memcor

Parameter Unit Planned Actual Planned Actual
Filtrate Flow w- 2.1 - 4.2 2.6 - 3.8 19.8 - 22.5 15.2 20.3
Transmembrane Pressure psi 3 - 9 3 - 8.6 6-17 7.7 - 19.7
Membrane Flux gfd’ 20 - 40 25.4 - 36.8 26 - 30 20.2 - 27.0,
Back Wash/Pulse Frequency muwtes 6 - 1 2 5 15 -20 20
Back Wash/Pulse Duration seconds 10 10 90 90
Back Wash/Pulse Chemical Addition not applicable chlorine none none none
Cleaning Frequency d a y s 20 -30 >48 3 - 5 14.1

1 gfd = gallon/square foot/day

Memcor. The Memcor unit was operated at lower than planned flux during all but the
initial 200 hours of Phase I operation. Flux was reduced after this period in response to
rapid membrane fouling and at the recommendation of the manufacturer. (See further
description of fouling in section 5.3.4.1, below.)

The Memcor unit achieved a greater than planned interval between cleanings during
Phase I. Other operating parameters were as planned.

5.3.4 Phase I Testing Results

The following sections present the testing results for the Memcor and ZeeWeed  MF
systems durin;:  Phase I. Results for MF system operating parameters, feed and filtrate
turbidity, and filtrate SD1  are presented graphically and discussed in the following
sections. All ot;her  water quality data are shown in table 5.8 as mean, minimum, and
maximum values based on all data collected during this phase. Turbidity and SD1  data
are also presented in this manner in table 5.8.
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Table 5.6.-Phase  I Microfittration  Water &alitv  Parameter Results

0.  Of  SamPIes

‘eed FiRrat!

5 4-6

6 3 6 3

3 6

3 5

8 12-1:

1 1

1 1

63 63

66  63

0 414

7 3-7

7 3-7

7 5 7

mcor and ZeeWeed MF

Feedwater

MeFIn Min M.SX

1.191 9 6 4 1 , 4 0 7

1 , 9 7 0 1.520 2 , 5 0 0

7 . 6 6 . 9 6 . 4

10.17 2.5 23

0 . 1 1 7 0.106 0 . 1 4 7

3 3 3 . 7 3 3 3 . 7 333.7

127.4 127.4 12,.4

7 . 0 6 6 . 6 7 7.41

2 . 9 4 1.00 26.0

NS NS NS

4.682 6 7 6 16,loC

17 3 3 1

2 3 2 50

terns-  Phase  I
BeWeed  MF Filtrate

Mea” Min Max

1.216 9 7 5 1 , 4 1 0

2.027 1,575 2 , 6 2 5

7 . 4 6 . 7 6.1

7 . 6 0 . 0 15.0

0.120 0.106 0 . 1 4 2

269.4 2 6 9 . 4 2 6 9 . 4

127.0 127.0 127.0

6 . 0 7 6 . 9 7 6 . 3 6

0 . 1 3 0 . 0 3 0.57

2 . 6 6 0 . 1 3 6 . 1 0

3.216 4 0 0 1 3 . 0 0 0

8 1 16

1 4 1 44

-

Parameter

TDS  (WU

Conductivity (i/s/cm)

TOC (m@L)

Color (color units)

UV Absorbance e
254 (l/cm)

SDS THM h@L)

SDS HAA (u@L)

PH  (i/@L)

Turbidity (NTU)

SDI

HPC (CFU/ml)

Total Coliform
(CFu/100  ml)

Fecal Colitorm
,CFU/tOO ml)

Memcor  MF F i l t ra te

Mea” Mi” Max

1.211 977 1,411

2,002 1.560 2 , 4 1 0

7 . 5 6.9 6.1

7 . 0 0.0 17.0

0.117 0.101 0 . 1 3 9

324.4 3 2 4 . 4 3 2 4 . 4

130.6 130.6 130.6

7 . 1 3 6 . 6 6 6 . 1 6

0 . 1 3 0 . 0 3 0 . 5 3

2 . 4 6 0 . 4 0 7.60

1.655 2 6 4 2 , 6 0 0

ND ND ND

ND ND ND

’ When the number of samples vated for Memcor and ZeeWeed filtrate due to reasons  such as  equipment downtime,
a range is presented.

5.3.4.7 Operating and RO Feedwater Quality Parameters

Filtrate Flow and Membrane Flux. Figures 5.1 and 5.2 present the filtrate flow and
membrane flux  for the Memcor and ZeeWeed  MF systems, respectively.

Memtec personnel directed system operators to reduce the Memcor filtrate flow from
target levels after 190 hours of operation in an attempt to reduce the rate of membrane
fouling. The rapid fouling was attributed to inefficient sweeping of solids out of the
membrane module during backwashing. The cause of the inefficiency was attributed to
a clogged wye  strainer on the suction side of the feed pump that restricted flow to the
modules during the sweep portion of the backwash. Wye strainer clogging resulted
when a strainer basket having openings of one-eighth inch was inadvertently used
instead of the correct 500-pm  basket during the first  2 days of operation. This mistake
allowed larger particles to pass through the pre-screen. The clogged suction strainer
condition was recognized and rectified. Filtrate flow and flux were increased back to
target levels at approximately 1,125 operating hours following the field  visit by
Memtec’s technician and successful cleaning of the membranes.
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figure 5.1
Filtrate Flow & Membrane Flux

Memcor - Phase I
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ZeeWeed uni.t  filtrate flow and membrane flux were stable and effectively maintained
at target levels during the first  1,400 hours of Phase I, although the parameters began
a sharp decrease at that point that continued for the remainder of Phase I. The
decrease occurred when the filtrate vacuum reached its maximum value and additional
TMP could not be attained, resulting in a drop in filtrate flow as the membranes
continued to foul.

Transmembrane Pressure. Figure 5.3 presents the TMP values for the Memcor and
ZeeWeed MF systems during Phase I as a function of operating time. The following can
be concluded from an examination of the figure:

Initial TMP for the ZeeWeed MF  system is approximately 3 psi (0.2 bar)
compared to approximately 5 psi (0.33 bar) for the Memcor MF system.
Initial TMP would be even greater for Memcor if the unit were operated at
the higher flux used with ZeeWeed. These results indicate that the ZeeWeed
membrane has a higher permeability (lower resistance to water flow) than
the Memcor membrane.

The rate of fouling of the Memcor membrane is significantly greater than for
the ZeeWeed membrane even after the backwashing difficulties with Memcor
MF system were rectified. The rate of TMP increase for Memcor during the
period following the field technician’s visit and related cleaning (best
performance period) was 0.24 psi/day (1.68 kPa/day)  versus 1.46 psi/day
(10.2 kPa/day)  for the entire operating period of ZeeWeed operation.

The lower ZeeWeed fouling rate suggests the combination of continuous mechanical
agitation and periodic hydraulic back flushing are more effective for controlling build-
up of material on the membrane surface than the method of intermittent backwashing
with air and feedwater method used with Memcor. A second factor may be differences
in the surface characteristics of the two membrane materials (Memcor membrane is
polypropylene; ZeeWeed membrane is proprietary and its material is not known).

As described previously, membrane cleanings conducted with Memcor in April were
largely ineffective in reducing fouling. This is clearly illustrated in figure 5.3, where
TMP was reduced only to between 10 and 12 psi (0.7 bar and 0.8 bar) after cleaning. In
contrast, the more effective cleanings conducted on May 13 (after 721 hours of
operation) reduced TMP to 8 psi (0.5 bar), much closer to the initial TMP of 5 psi
(0.3 bar). The June 10 standard cleaning (after 1,370 hours of operation) reduced TMP
to only 10 psi, again indicating that longer soak times, separate cleaning with citric
acid, or both are required to achieve optimal results.

Feedwater Recovery. Figure 5.4 presents feedwater recovery data for the Memcor and
ZeeWeed MF units during Phase I. Feedwater recovery achieved by the Memcor MF
system was between 89 and 90 percent compared to greater than 96 percent for the
ZeeWeed MF system during most of the test period. Expressed differently, ZeeWeed
produced les,s  than 50 percent of the waste flow generated by Memcor. In general,
higher recovery is beneficial because it results in a greater availability of high quality
water for reuse and potentially lower costs associated with conveyance and treatment
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Figure 5.3
Transmembrane Pressure
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Figure 5.4
Recovery

Memcor and ZeeWeed - Phase I
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of the waste stream. ZeeWeed recovery decreased to approximately 94 percent after
1,350 hours of operation as filtrate flow rate decreased due to high TMP (vacuum).

Turbidity and SDI. The mean filtrate turbidity and SD1  values presented in table 5.8
are well below the RO manufacturer’s criteria of 0.2 NTU for turbidity and 3.0 for SDI,
and are consistent with results obtained from other water reuse studies employing
these technologies (Leslie, 1996). Such a result indirectly demonstrates that both
ZeeWeed and. Memcor are capable of producing an effluent that can be efficiently
processed by RO.

Turbidity values for the MF system feedwater (DDE) and filtrates are presented in
figures 5.5 and 5.6, respectively. The data in figure 5.5 illustrate that, for the most
part, DDE turbidity is consistently less than 5 NTU. For an unfiltered secondary
effluent, this level of turbidity is typical, if not slightly low:  On three occasions, DDE
turbidity spiked to above 10  NTU.

Manufacturers of the spiral-wound RO modules used for IPR recommend a maximum of
0.2 NTU feed,water  turbidity to minimize RO membrane fouling and cleaning
frequency. For the most part, Memcor and ZeeWeed filtrate turbidity was below this
criterion, although spikes up to 1 NTU were observed. There is no clear explanation for
this variability. Figure 5.6 does not indicate any trends in filtrate turbidity for either
MF system during Phase I.

Phase I SD1  results for the filtrate from each MF system are presented in figure 5.7. To
better show trending, a moving average of the SD1  values for each MF system is
presented in figure 5.8. For the same reasons described for turbidity, RO
manufacturers recommend that SD1  for RO feedwater be less than or equal to 3.
Although the results have significant variability (see table 5.8),  nearly all values are
less than 3 until the latter part of the test period. Figure 5.7 shows a slightly
increasing trend in SD1  values after 800 hours of operation. The increase was caused
by the growth of algae in the translucent tubing used to sample filtrate from both units
as well as in ,the translucent filtrate tubing and back flush tank used on the ZeeWeed
tank. The m:anufacturer  provided translucent tubing with the equipment. Algae
growth continued unabated in these locations through the end of Phase 1 and into the
beginning of Phase II. It was rectified on June 29.

The author d:id  not have previous experience with algal growth in wastewater reuse
studies. Corrsequently,  it was not recognized at the start of the study that the tubing
would be problematic. The use of chlorinated water during ZeeWeed backwash would
be expected to control this growth.

Particle Counts. No particle count data were collected during Phase I.
Quantitative conclusions comparing ZeeWeed and Memcor MF operating and RO
feedwater quality parameters are presented in Section 1.5.2.
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Figure 5.5
Feedwater Turbidity

Memcor and ZeeWeed  Feedwater - Phase I

.

.

1.0‘

0.9 ..

Figure 5.6
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5.3.4.2 Other Water Quality Parameters

Results for the following water quality parameters on the feedwater and MF system
filtrates were presented in table 5.8 as mean, maximum, and minimum values:

Physical/chemical: TDS, conductivity, pH

Organics: Total Organic Carbon (TOC), color, ultraviolet absorbance at
253.7 nanometers (UVA-254)

Microbiol.ogical: Total and fecal coliforms, heterotrophic plate counts (HPCs)

The following conclusions can be drawn from an examination of the results:

1.

2.

3 .

4 .

5 .

Neither MF process reduces either the dissolved inorganic or organic content
of the secondary effluent as measured by TDS and conductivity. This was the
expected outcome as the pore size of the MF membranes is much larger than
the dissolved ions and organic compounds present in the effluent.

The small reduction in apparent color provided by the two MF processes is
most likely attributed to color generated from suspended matter that is
filtered out during treatment. No true (i.e., dissolved) color removal would be
expected.

It cannot be determined if the 15 percent difference in simulated distribution
system (SDS) THM between the ZeeWeed filtrate and MF feedwater is
significant. Only one sample was analyzed for the filtrates and thus no
statistical analysis can be made regarding any apparent differences. No
difference was observed between these two sources for either SDS HAA or
UVA-254, which,along  with SDS THM, are indirect measures of the amount
of DBP precursor material.

During treatment with ZeeWeed, pH increases. The increase most likely
results from the stripping of carbon dioxide from the secondary effluent by
the aeration in the process tank.

ZeeWeed filtrate has consistently shown positive levels of both fecal and total
coliforms whereas neither has been detected in the Memtec filtrate. Aerobic
and facultative bacteria (as measured by the heterotrophic plate count
method) are present in both filtrates; however, levels are greater in the
ZeeWeed filtrate.
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6. Control of suspended solids and algae is critical to successful performance
an.d  monitoring of the water treatment system.

The difference in nominal pore size between the Memcor membrane (0.2 pm) and
ZeeWeed membrane (0.1 pm) is not significant relative to the removal of the dissolved
species or coliforms. The former are orders of magnitude smaller than this pore size
range, while the latter can be effectively retained by a 0.45-pm  membrane filter.

Regarding conclusion (5),  the ongoing presence of cohforms  in the ZeeWeed filtrate is
surprising, given that intact ZeeWeed membranes have pores too small to pass these
and other bacteria. Two causes for this result can be hypothesized: (1) bacteria are
“leaking” into the filtrate caused by one or more damaged fibers or seals in the module
potted regions, or (2) there are significant dead legs in the filtrate piping that are
allowing bacteria introduced through contamination of the piping to be proliferating.
Integrity testing of the membrane module was conducted by Zenon  at their factory prior
to unit shipment so any leakage may have been caused by shipping or operation.

5.4 Phase II Testing

Phase II officially commenced with the beginning of operation of the ZeeWeed system
on screened, de-gritted wastewater on June 19, 1997. Phase II testing continued
through August 15, 1997.

As stated previously, during Phase II, the Memcor MF system continued to operate on
DDE. However, for Phase II, the raw water supply piping to the ZeeWeed system was
reconfigured to provide screened, de-gritted wastewater as the feedwater. The ZeeWeed
system had two process functions for treating this source:

Biologically treat the screened, de-gritted wastewater to produce a
“secondary effluent” meeting or exceeding the quality requirements of the
City of McAllen  (ZenoGem  process). These requirements include producing
an effluent that meets all the requirements of the Cit$s  NPDES permit for
surface discharge.

. From the perspective of RO feedwater, microfilter the “secondary effluent” to
a quality equivalent to that produced by the Memcor and ZeeWeed MF
systems treating secondary effluent (Phase I).

-
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The objectives for Phase II were:

Evaluate the ability of ZeeWeed MF, when used in conjunction with the
ZenoGem process, to directly treat screened, de-gritted wastewater to a
quality suitable for direct processing by RO, and compare ZenoGem filtrate
quality to that of ZeeWeed and Memcor MF treated secondary effluent.

Compare the operating characteristics of the ZeeWeed MF when used:

1. To directly treat secondary effluent

2. In conjunction with the ZenoGem process to treat screened, de-gritted
wastewater.1 ,;,  .,

Compare the wastewater treatment efficiency of the ZenoGem process to that of
extended aeration as performed at the McAllen  WWTP by measuring the removal of
CBOD,, TSS, and ammonia nitrogen.

The results from Phase II, including a comparison of the Phase I and Phase II results of
the Memcor MF system and discussion of the results of the ZenoGem process, are
presented in the following sections.

5.4.1 Memcor MF System Phase II Testing and Operations

Based on the lack of removal of dissolved constituents from the DDE by Memcor, it was
decided that there was no real value to continue monitoring dissolved constituents in
the Memcor feedwater during Phase I. Consequently, the following water quality
parameters were measured only in the MF filtrate and not in the feedwater during this
phase:

TDS
Conductivity
PI-I
Color

. UVA absorbance @ 254 nm

This section presents the results obtained during Phase II testing and compares
Phase I operations of the Memcor MF system to Phase II operations. (It  should be noted
that the designations of Phase I and Phase II relative to the Memcor system operation
are somewhat arbitrarybecause no real changes in feedwater source nor operation,
other than flux changes, were instituted between phases.)

5 1



5.4.1.1  Operations

During Phase II, the Memcor MF system accumulated 1,297 hours of operation out of a
possible 1,350 hours for an on-line factor of 0.96. The on-line factor is considerably
higher for this phase because of the correction of operational issues in the beginning of
Phase I that caused several downtimes.

During Phase II (June 24, July 17, and August 2),  the system was removed from service
by the pilot plant operator to reverse increases in TMP. TMP increased because solids
from the modules fouled the membrane. The membrane was cleaned with Memclean
EXA cleaning solution. As presented previously in table 5.6, the cleanings, which
incorporated longer soak times, were effective in reducing TMP

At the end of Phase II, the Memcor MF unit was cleaned by McAllen  WWTP personnel
according to Memtec’s requirements. The procedure followed is provided in appendix D.

5.4,l.Z Operating Conditions

Table 5.9 presents the Memcor operating criteria established for the Memcor MF
system in the Research Work Plan and the values achieved for each phase of testing as
well as for the combination of both phases.

Table 5.9.--Memcor  Planned and Actual Operating Criteria Phase I and Phase II Operations

Actual

Combined Phase I
Parameter Uni t Planned Phases I and II only Phase II only

Membrane Flux gfd’ 26 -30 20.2 - 27.0 20.2 27.0- 23.8 26.6-

Filtrate Flow mm 19.8 - 22.5 15.2 - 20.3 15.2-20.3 17.9-20.0
T r a n s m e m b r a n e  P r e s s u r e  p s i 6 - 1 7 7.7 - 19.7

7.7-l 9.7 7.7-l 7.0

Back Wash/Pulse Frequency minutes 15 -20 20 20 20

Back Wash/Pulse Duration seconds 90 90 90 90

Back Wash/Pulse Chemical NA’ none none none none
Addition

Cleaning Frequency days 3 - 5 15 14.2 15.8

1 gfd gallons/square foot/day-
’ Not applicable
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During both phases, the Memcor system operated at a lower than planned flux,
although the flux was more consistent during Phase II. The cleaning intervals during
Phase I were slightly shorter than during Phase II because of the unanticipated
membrane fouling problems discussed previously.

For the combined testing period, the Memcor system operated at lower than planned
flux but achieved a greater than planned interval-between-cleaning during the study.
Additionally, the TMP had wider variations than planned because the manufacturer
directed TMP be increased to maximum to compensate for a higher rate of fouling
during  Phase I. The lower-than-manned flux operation reflects the fouling problems
experkced  during Phase I.

5.4.2 Memcor MF System Phase I and Phase II Results

i parameters for the Memcor MF system during
Phase I and Phase II are discussed in the following sections.
The operating and RO feedwater qualit!

5.421 Operating and RO Feedwater Quality Parameters-Memcor Phases I
and II

Filtrate Flow and Membrane Flux. Filtrate flow and membrane flux for the Memcor
unit for Phases I and II are presented in figure 5.9. Phase II began at approximately
1,567 hours of operation. During the initial portion of Phase II, membrane flux was
controlled at approximately 24 gfd (40.8 L/m%r)  as established during the latter part
of Phase I. At approximately 2,000 hours of operation, flux was increased to 26.6 gfd
(45.2 L/m%-)  to determine the effect of a higher solids loading on the rate of TMP
increase and frequency of chemical cleanings. (‘Ike  impacts of this change are
discussed in the following section.)

The flux rate attained during Phase II is quite representative of the design flux rate
determined for the Memcor process at other locations where the technology is being
employed for RO pretreatment of secondary effluent (see table 5.10).

Transmembrane Pressure. Figure 5.10 presents the TMP for the Memcor MF system
during Phases I and II. The plot shows that chemical cleanings implemented during
Phase II were very effective for removing accumulated solids and restoring TMP to the
target level of 7 to 8 psi (0.46 to 0.53 bar). It appears that the cleaning regime used
during Phase II was capable of removing additional solids with each successful cleaning
as evidenced by a slightly lower TMP after each cleaning.
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Figure 5.9
Filtrate Flow & Membrane Flux
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Table 5.10.~Comparison  of Memcor Performance at McAllen  with Perfonance  at
Other Sites

Location Flux (gfd) Recovery (%)
McAllen 27 91
West Basin, California 27 9 1
Livermore, California 24 90
San Diego, California 28 92
WF-21, California 23 90

The best method of examining the impact of flux on membrane fouling rate is by
calculating the rate of change in TMP with operating time. As shown in table 5.11, the
average rate of TMP change for the three operating periods at 26.6 gfd (45.2 L/m%r)
was 0.64 psi/day (4.47 kPalday).  This compares to an average rate of 0.31 psi/day
(2.13 kPa/day)  for operation at 24 gfd (40.8 LJm%r).  This difference indicates that the
Memcor process is quite sensitive to fouling in this flux range in that an 11 percent
increase in flux resulted in a doubling of the fouling rate. If one were to assume each
filtration cycle starts and ends at equivalent TMP values, operating at 26.6 gfd
(45.2 L/m%-)  should produce a 50 percent shorter filtration cycle. Operating intervals
between cleani,ngs  shown in figure 5.10 do not reflect this difference clearly because
cleanings at the lower flux were performed prior to terminal TMP (17 to 18 psi, or 1.1 to
1.2 bar).

Table 5.11 .-Membrane Flux Rate and Associated Rate of TMP Change

Operating Rate of TMP Average Rate
Flux Interval increase of TMP
(gfd) (hours) (psi/day) Increase Comment

(psi/day)

25.63 14.3 0.76 0.76
22.33 3.2 0.84
21.70 12.2 0.12
22.04 15.0 0.18 0.38 No cleaning; average over previous 3

operating intervals (flux = 21.7 - 22.33)
23.97 12.0 0.73 Flux increased
23.96 13.0 0.00
23.97 14.7 0.19 0.31 No cleaning: average over previous three

operating intervals (flux = 23.97)
26.63 7.8 0.66 Flux increased
26.63 15.7 0.54
26.63 12.0 0.73 0.64 Average over previous three operating

intervals (flux = 26.63)
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Feedwater Recovery. Figure 5.11 presents feedwater recovery data for the Memcor MF
system for Phases I and II. Recovery for the Memcor MF system during Phase I varied
from a minimum of about 88 percent to a high of approximately 90 percent. However,

during Phase II, feedwater recovery was consistently at ,90  percent until the filtrate
flow was increased to 20 gpm (1.26 L/s),  at which time the recovery rose to
approximately 91 percent.

The increase in recovery at higher flux reflects a greater volume of filtrate produced per
volume of backwash water generated. (Backwash frequency and volume were not
changed during testing). In other words, recovery increases in proportion to flux given a
constant backwash interval.

Turbidity and SDI. Combined Phase I and Phase II turbidity results for the Memcor
system feedwater and filtrate are presented in figures 5.12 and 5.13, respectively.
Filtrate SD1  values for both phases are shown graphically in figure 5.14. Minimum,
maximum, and average (mean) values for these parameters are presented in table 5.12.
Turbidity and SD1 results shown in table 5.12 represent combined data for both phases
of testing. No turbidity values were collected between July 18 and August 4 because of
a malfunction of the McAllen  WWTP turbidimeter. Turbidity values reported for the
period beginning August 5 through the end of testing were measured using a Hach
2100N  portable turbidimeter provided by CH2M  HILL.

Filtrate turbidity values from June 5 to June 29 are considered unrepresentative. Algae
growth in the clear filtrate sampling tubing caused sample contamination during this
period. The clear tubing was replaced with opaque tubing on June 29.

Feedwater turbidity during Phase II was similar to Phase I turbidity. Phase I and II
mean turbidity levels were 0.12 and 0.05 NTU, respectively. Filtrate levels during
Phase II were much less variable, reflecting the elimination of algal contamination from
the filtrate sample line. Mean filtrate turbidity for Phase II was 0.05 NTU compared
with 0.12 NTU for Phase I and was significantly less than the RO feedwater criterion of
0.2 NTU. It cannot be determined if algae growth prior to June 5 contributed to the
increased variability in the turbidity data during Phase I.

Figure 5.14 presents the SD1  values for the Memcor MF system during Phase I and
Phase II. It is clear from figure 5.14 that algae growth in the filtrate sample line
contributed to high SD1  values. SD1  filter pads from this period are greenish, whereas a
light yellow hue is typical. Excluding data from the June 5 to 29 period, mean SD1
values for Phase I and II were similar (2.02 versus 1.72). For the relevant period, nearly
all results are lower than the RO feedwater criterion of 3.0.
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Table 5.12.-Results  for Primary and Secondary Water Quality Parameters
Feedwater a Filtrate Quali for Memcor System Phas

lo. of Sample! Memcor Feedwater’

Feed Filtrate Mean Minimum Maximur

and Phase II
Memcor Filtrate’

M e a n  Minimu Maximu
m m

1,139 977 1,411

1,789 755 2,410

6.9 5.3 8.1
9.6 ND= 20.0

0.11 0.09 0.14

317.4 310.3 324.4

129.5 128.3 130.6

7.09 6.86 8.16

0.10 0.03 0.53
0.3 0.2 1.0

2.11 0.40 7.60

3,516 264 12,000
5 ND 15

ND ND ND

ParameRar

TDS (mg/L)

Conductivity (@cm)

TOC (mg/L)
Color (color units)

UV Absorbance @ 254
(l/cm)

SDS THM @g/L)

SDS HAA  @g/L)

PH
Turbidity (NTU)

TSS (mg/L)
SDI

HPC (CFU/ml)
Total Coliform (CFU/lOO
ml)
Fecal Coliform (CFUIIOO
ml)

5 1 1 1,191 984 1,407

63 2425 1,970 1,520 2,500

3 15 7.8 6.9 8.4
3 14 10.17 2.50 23.0

6 30 0.12 0.11 0.15

2 2 325.4 317.4 333.7

2 2 123.4 119.4 127.4

63 121 7.06 6.87 7.41

103 206’ 2.40 0.90 26.0
20 18 2.6 0.8 8
0 a2 NS4 N S N S
13 10 6,490 576 19,900
13 10 22 3 50

13 IO 23 2 59

’ Phase I only for TDS,  conductivity, pH,  TOC, and color
* Phases I and II combined.
’ ND - Not Detected.
’ NS - Not Sampled.
’ Includes morning and afternoon samples. Average daily results were reported in spreadsheets.

5.4.2.2 Other Wafer Qualify Parameters

Additional testing results for other water quality parameters monitored for the Memcor
system were presented in table 5.12 as mean, minimum, and maximum values. Table
5.12 contains combined Phase I and II results for the effluent from the Memcor MF
system as well as the feedwater to the systems during Phase I and Phase II.

As described for Phase I, the Memcor system had little or no effect on the following dis-
solved constituents in the DDE: TDS, conductivity, UV absorbance at 254 nm, DBPs,
and pH.  On the average, Memcor reduced TOC by 10 percent, most likely removing the
particulate portion of the organic carbon. Filtrate TSS levels were consistently lower
than 1 NTU. As observed during Phase I, no fecal coliforms were detected in the
filtrate. Total coliforms were detected on two occasions at 1 and 15  CFU/ml,  however
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there was no trend in these results to indicate whether the coliforms  passed the
membrane or were a result of sample contamination. Pressure hold testing conducted
with the Memcor system during this period showed no indication of membrane or
module seal leakage. Taken together, these results are consistent with performancze
anticipated for a microfiltration process having a nominal membrane pore size of 0.2
microns in diameter.

5.4.3 ZenoGem Process Testing and Operations

Operating characteristics of the ZenoGem process that were monitored during Pha.se  II
include characteristics that were determined by monitoring feed and filtrate water, e.g.,
biological operating parameters and effluent water quality.

5.4.3.1 Commissioning and Operations

ZeeWeed unit commissioning was performed by the Zenon  field technician on June 17
and 18, 1997. Commissioning included first seeding the process tank with return
activated sludge from one of the WWTP clarifiers and then concentrating this material
to approximately 12,000 mg&  mixed liquor suspended solids (MLSS)  concentration.
The unit began operation on screened, degritted wastewater with a filtrate flow of 7.5
Lpm and a vacuum of 3 inches of Hg to begin Phase II operation.

Official ZenoGem operation on screened, de-gritted wastewater commenced on June 19,
1997. From June 19 through August 14, the system accumulated 1,373 operating hours
with no down time for an on-line factor of 1 (100 percent). No chemical cleanings were
needed nor performed during this g-week  period.

At the end of Phase II, the ZeeWeed MF module was cleaned by McAllen  WWTP
personnel according to the procedure provided by Zenon.  A description of the procedure
is presented in appendix D.

Results of Post-Phase II Chemical Cleanings

The procedure described in appendix C includes performing flux tests with clean (t:ap)
water prior to and following each chemical cleaning to determine cleaning efficiency.
The results of the flux tests, shown in table 5.13, show that a sequential cleaning, Ifirst
with chlorine followed by acid, was needed to restore filtrate flow to levels observed
prior to Phase II operation.

-
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Table 5.13.-Results  of Final ZeeWeed Cleaning

Activity Filtrate Flow Vacuum Temperature
(gpm) (inches Hg) C+)

Water flux before cleaning 1.75 10 83

Clean water flux after first NaOCl cleaning 4.4 10 aa
Clean water flux during HCI cleaning 5.50 10 89

Clean water flux after second NaOCl 4.50 10 85
cleaning

5.4.3.2 ZenoGem Process MF Operating Conditions

Table 5.14 presents the operating criteria that were established for the ZeeWeed MF
portion of the ZenoGem process. Table 5.14 also presents the values that were achieved
for these criteria during Phase II. Plots of MF filtrate flow, flux, TMP, and recovery, all
as a function of operating time, are presented in this subsection.

Performance of the ZeeWeed MF module conformed to planned levels for the above
criteria, with some exceptions, as discussed below:
Filtrate Flow and Membrane Flux - Target flow and flux for ZeeWeed module operation
during Phase II were reduced to 2 gpm (0.13 L/s)  and 20 gfd (34.0 L/m%-)  respectively,
based on the h.igh  solids levels present in the bioreactor. These levels were maintained
more than 90 percent of the time. Excursions were caused by a vacuum pressure switch
on the filtrate header.

Table 5.14.-Planned  and Actual Operating Criteria - ZenoGem Phase II
ZeeWeed MF

Parameter’ Unit Planned Actual

Filtrate Flow gpm 2.1 - 4.2 1.6-3.2

Transmembrane Pressure psi 3 - 9 1.5-5.2

Membrane Flux gfd’ 20 -40 15.2 -30.4

Back Wash/Pulse Frequency minutes 6 -12 10 -20

Back Wash/Pulse Duration seconds 10 10 -20

Back Wash/Pulse Chemical Addition NA3 chlorine none

Cleaning Frequency days 20 -30 >45

1 TMP and cleaning frequency are dependent variables; the remainder are control
variables

2 gfd - gallons/square foot/day
3 Not applicable
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Filtrate Flow and Membrane Flux. Plots of filtrate flow and membrane flux as a
function of operating time for both phases of ZeeWeed operation are presented in
figures 5.15 and 5.16. The filtrate flow and membrane flux were fairly stable during
each phase of operation. However, the flow and flux did begin to decrease at the end of
Phase II. Additionally, flow and flux were approximately 1.4 times higher during
Phase I.

Transmembrane Pressure. TMP for the ZeeWeed MF module during each phase of
operation is presented in figure 5.17. The rate of TMP increase over time was
significantly lower during Phase II. Average rate of increase was 0.068 psi/day (0.47
kPa/day)  for Phase I versus 0.056 psi/day (0.39 kPa/day)  for Phase II. These resuhs
indicate a lower rate of membrane fouling when filtering the high concentration of
biological solids (>lO,OOO  mg/L)  versus filtration of low solids (~10  mg/L)  present i:n the
DDE. The lower rate may be the result of either or both of the following:

A lower rate of solids loading at the surface of the membrane (lower flux)

. A greater degree of mechanical cleaning of the membrane surface provided
by the higher solids level.

Recovery. Figure 5.18 presents feedwater recovery for the ZeeWeed MF system during
each phase of testing. The higher recovery achieved during Phase II (>99  percent) was a
direct outcome of maintaining the desired solids retention time necessary for biola’gical
treatment (See section 5.4.4.1  for a discussion of SRT.) Phase II recovery was
approximately 2 to 4 percent higher than that observed during Phase I. Additionally,
Phase II recovery was very consistent, while Phase I recoveries were more variable and
began a sharp decrease toward the end of Phase I testing.

Turbidity and SDI. Figures 5.19 and 5.20 present filtrate turbidity and SDI,
respectively, for both phases of testing. Turbidity was higher during Phase II, with an
average of 0.18 NTU versus 0.13 NTU for Phase I. Although the average turbidity
values were below the recommended value of 0.2 NTU, some values were above 0.2
NTU in each phase. Phase I SD1  values were  much lower than those obtained during
Phase II. Average SD1  during Phase I was 1.92 compared to 5.02 for Phase II.

TMP - The ZeeWeed MF module had an initial TMP of 1.5 psi (0.1 bar) during Phase II
compared to an anticipated minimum of 3 psi (0.2 bar). The lower initial TMP directly
reflects lower resistance of the membrane to water flow at the lower flux used during
Phase II (Phase I was operated at 33 gfd [56.0 IJm%r] average flux).

Back Pulse Characteristics (frequency, duration, and chemical use) - Following
discussions with Zenon,  operating values were established in the research work plan.
These values were later modified. As described for Phase I, the changes reflect th.e
approach of not chlorinating the back pulse fluid to minimize DBP formation and corn.
pensating for the absence of a disinfectant by increasing duration of backpulse flow.
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Figure 5.15
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Figure 5.19
Filtrate Turbidity
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Figure 5.20
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5.4.3.3 ZenoGem Process Biological Treatment Operating Conditions

Operating criteria established for the biological treatment portion of the ZenoGem
process, along with the values that were achieved during the reporting period, are
presented in table 5.15.

Table 5.15.-Planned  and Actual Biological Treatment Operating Criteria
ZenoGem Process - Phase II

Parameter Uni t Planned Actual

M L V S S mg/L 10,000 8,900 - 14,033

Dissolved Oxygen w/L >2 0.5 - 4.60

Hydraulic Retention Time d a y s 2 4 2.92 - 5.84

The target MLVSS concentration was 10,000 mg/L. The average MLVSS was 11,400
mg/L.  The high degree of variability in MLVSS levels reflects the imprecision of
controlling this parameter through the daily measurement of MLSS levels and adjusted
sludge blowdown  volume based on a single MLSS result. Target HRT was 2 to 4 hours.
The actual operating range was 2.9 to 5.8 hours. The HRT was controlled at 2.9 hours
for all but the last 10 days of operation when it was increased to improve nitrification
efficiency.

5.4.4 Comparison of ZenoGem and McAllen WWTP Performance

The wastewater treatment performance of the ZenoGem system and McAllen WWTP
No. 2 was compared to assess relative efficiency of the two processes. The WWTP
employs extended aeration using surface aerators. As is typical for most conventional
design wastewater plants, activated sludge is removed from the aeration basin and a
portion is recycled back to the aeration basin as return activated sludge (RAS)  to
maintain the desired level of biological solids @lLVSS).  The remainder is wasted from
the system (waste activated sludge or WAS) to sludge drying beds. Operating
characteristics and related water quality parameters for ZenoGem and WWTP are
presented and discussed in the following sections.

5.4.4.1  Biological Treatment Operating Characteristics

Table 5.16 presents biological treatment operating characteristics for both processes.
Data from the McAllen WWTP was obtained from the plant sludge control logs for the
east aeration basin during the Phase II testing period.
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Table 5.1 &--Biological Treatment Operating Characteristics
ZenoGem Process and City of McAllen  WWTP

ZenoGem Bioreactor WWTP East Aeration Basin

Parameter Mean M i n M a x Mean M i n M a x

Dissolved Oxygen (mg/L) 2.62 0.50 4.60 2.65 1.40 4.00
MLSS (mg/L) 15,119 12,300 19,400 3241 2620 4 0 0 0
MLVSS (mg/L) 11,022 8,900 14,033 2333 1840 2980

Hydraulic Retention Time (hr) 3.61 2.92 5.84 29.8 23.0 37.0
Solids Retention Time (days) 16.4 10.3 26.4 12.4 5.00 23.0
Oxygen Uptake Rate (mgR-hr) 36.9 7.80 89.4 NAa N A NA

Sludge Yield (g/g) 0.74 NC’ N C 0.73 NC NC
a NA - Information not available. b NC - Not calculated

Hydraulic and Solids Retention Time. Figures 5.21 and 5.22 present the hydraulic and
solids retention time, respectively, for the ZenoGem bioreactor and the M&hen WWTP
during Phase II. The data in figure 18 indicate that the ZenoGem process was
consistently operated at much lower HRT than the WWTP. The average HRT for the
ZenoGem process was 3.6 hours compared with 30 hrs for the aeration basins. The
ZenoGem process can operate at the much shorter HRT because the greater
concentration of microorganisms assimilate and reduce the BOD of the wastewater at a
much more rapid rate. SRT levels in the two processes were comparable. The average
SRT of 13 hours for the WWTP is at the low range of values representative for extended
aeration plants (15 to 30 days). The ZenoGem process has the capability to be operated
with longer SRT than conventional wastewater processes because it is not limited by
sludge bulking that typically occurs at very long detention times.

Mixed Liquor Suspended and Volatile Suspended Solids. The McAllen  WWTP and
the ZenoGem system use the suspended growth process (activated sludge) to achieve
biological treatment. Removal of carbonaceous organic matter in a suspended growth
process depends directly on the concentration of bacteria present in the mixed liquor
(activated sludge). Bacterial levels can be estimated by measuring the concentration of
either the MLVSS or MISS in the treatment reactor. The latter is more practical for
maintaining proper bacterial levels because it is an easier and more rapid method.
MLVSS is a more accurate measure of bacterial content because it excludes the inert
fraction of the suspended solids; however, it requires an additional drying and weighing
step, which adds time and effort. MLVSS levels can be estimated from MISS
measurements. A ratio of 0.7 to 0.9 for MLVSS to MISS is typical.

MLSS and MLVSS levels measured in the ZenoGem bioreactor tank and the WWTP
east aeration basin are shown in figures 5.23 and 5.24, respectively, as a function of
calendar date during Phase II. It is clear from the figures that, as designed, bacterial
levels were m<aintained  at significantly higher levels in the ZenoGem process than in
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Figure 5.23
Mixed Liquor Suspended Solids (MLSS)
ZenoGem and McAllen  WWTP  - Phase II
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the WWTP. Average MLVSS concentration for ZenoGem was 11,000 mg/L  compared to
2,300 mg/L  for the WWTP, or a factor of 4.8 higher for ZenoGem. The most common
range of MLVSS values for conventional air activated sludge systems is 2,000 to 2,500
mg/L (Water Environment Federation, 1991). Although air based conventional syntems
can operate at somewhat higher MLVSS levels (up to 3,000 mg/L  in practice), sludge
settleability decreases as levels decrease. Settleability is not an issue for the ZenoGem
process because separation does not depend on gravity but rather on the ZeeWeed
membrane.

The significance of the greater MLVSS levels is that the ability to remove CBODs  is
directly proportional to bacterial density in the activated sludge tank (or bioreactor). By
maintaining higher MLVSS concentrations, the ZenoGem process can attain
comparable reduction in BOD, at a much lower hydraulic detention time for the
bacterial cells (mean cell residence time). This is clearly illustrated in table 5.16, where
the average HRT for ZenoGem is 3.61 hours versus 29.8 hours for the WWTP. In other
words, the same degree of treatment can be accomplished in roughly one-tenth of the
time or volume needed by the extended aeration process used at McAllen.  Assuming
similar depths for an aeration basin and ZenoGem bioreactor, the tankage area of the
ZenoGem process would require only 10 percent of the land area required for the
extended aeration basins.

The ratio of MLVSS to MLSS for ZenoGem and the WWTP was 0.73 and 0.72,
respectively. This is at the lower end of the typical range and reflects the lack of inert
settling in primary treatment, which was not employed with either process evaluated.

Dissolved Oxygen. Proper dissolved oxygen (DO) levels must be maintained in the
activated sludge process to enable efficient degradation of both carbonaceous organic
matter and organic nitrogen. Generally, DO levels in the activated sludge process
should be maintained around 2.0 mg/L  or greater to ensure that sufficient oxygen is
present to achieve effective BOD5 removal and nitriiication  (Water Environment
Federation, 1990). Lower levels will impede nitrification.

DO levels, as measured in the two treatment systems during Phase II, are presented in
figure 5.25. DO levels in the aeration basin were generally maintained between 1.5 and
3.5 ma, where both carbonaceous and nitrogenous BOD removal was desired and
achieved. For ZenoGem, DO levels were typically greater than 2 mg/L  except during the
initial period of operation (from June through July 3,1997)  when the pilot plant blower
was set to deliver insufficient air flow. Air delivery levels were increased on July 3,
from 8 to 10 cubic feet per minute (cfm). As discussed later in this section, the lower
initial DO levels for the ZenoGem system caused reduced ammonia removal.
During the entire Phase II period, average DO contents for ZenoGem and the WWTP
were similar (2.62 mg/L  for ZenoGem versus 2.65 mg/L  for the WWTP).

Oxygen Uptake Rate. Oxygen uptake rates in the ZenoGem bioreactor were generally
greater than 40 mg/L-hr. The oxygen uptake rates and the excellent BOD5 removals
that were achieved indicate good biological activity.
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Sludge Yield. Sludge yield coefficient, Y, is a measure of the amount of biological solids
produced by a wastewater treatment process relative to the amount of organic matter
removed. Ideahy,  the sludge yield should be as low as possible to minimize the need to
dispose of sludge. For the extended aeration process used at the WWTP, Y is typically
low because the microorganisms in the activated sludge operate in the endogenous
phase based on the long mean cell residence time (SRT) of this type of system. Y values
for the ZenoGem system should be comparable to those for the WWTP because both
operated at similar SRTs. The average sludge yield for the ZenoGem process was 0.74 g
of sludge produced per gram of CBOD5 removed. This value is less than the typical
value for actkted sludge systems and suggests that the long SRTs used in this study
reduced sludge production. An accurate determination of sludge yield for the ZenoGem
process requires a longer operating period than was employed in this study. Based on
the data available from the McAllen  WWTP control logs,, sludge yield for the McAllen
WWTP was 0.73. This is comparable to that obtained for the ZenoGem process.

5.4.4.2 Biological Treatment Water Quality Parameters

Several water quality parameters were measured to monitor the effectiveness of the
biological treatment portion of the ZenoGem process and the McAllen WWTP. Each of
these parameters is presented in table 5.17 as a mean, minimum, and maximum value
and is discussed below.

Carbonaceous Biochemical Oxygen Demand (CBOD,). Reduction in CBOD, levels
across the biological treatment process is used to evaluate the efficiency of the activated
sludge process for reducing the level of organic matter in the raw waste-water. (BOD,  is
also used to measure treatment efficiency; however, it includes both carbonaceous and
nitrogenous BOD.) Figure 5.26 presents the CBODj  results for ZenoGem filtrate and
WWTP effluent, during Phase II. (Filtrate/effluent levels are shown in lieu of percent
CBOD,removal  because influent CBOD, concentrations to each process were assumed
to be equivalent.) The following can be concluded from the data in table 5.17 and
figure 5.26:

. The ZenoGem process produced a filtrate having a CBOD, consistently below
1 mg/L.

The ZenoGem process was more efficient at removing CBOD, from the raw
wastewater than was the WWTP, despite operating with one-tenth the
hydraulic retention time.

The ZenoGem process is more than capable of producing an effluent meeting
McAllen’s  current effluent discharge limit of 15 mg/L.  CBOD,.

Total Suspended Solids (TSS). As anticipated and as shown in table 5.17, TSS concen-
trations in the ZenoGem filtrate were less than or equal to 1.0 mgk throughout the
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TABLE  5.17
Biological Trealmenl  Waler Qualily  FafameleM
ZenoGsm  Process. Phase II

Z~~OG~IIUWWTP
Feedwater’
(Degrltted

No. of dots  vslurr oollrcted Waalewsler) ZsnoGem  Flitrate W W T P  E f f l u e n t

Feed  ZenoQem  WWTP  Mean Mln Max Mean Mln Man Mean Mln UkW

: Ammonia  Nitrogen (mglL) 16 2 2 5 4 2 7 . 0 22.9 32.9 3.08 0.04 1 8 . 8 0.24 0.01 1.5

TKN (mdL,L) 0 9 0 6 3 . 1 2.00 103 8 . 3 1 . 3 0 20.8 NSb  NS NS

Nltrlte  and Nllrale  Nilrogsn 9 9 0 0 . 7 4 0.02 2.94 8.06 0.01 19.10  NS NS NS

@WI

Tolal  Phosphorus (mg/L) : 0 9 0 1 1 . 3 0.12 41.0 2.02 0.05 7.00 NS NS NS

CSOD,  (mg/L) 58 2 2 5 4 189 1 3 2 679 0.55 0.04 1 . 6 3 1.32 0.78 2 . 2

Total Suspended Solids 48 8 0 2 0 3 118 473 0.6 0 . 2 1.0 NS NS NS

a Notes: Data  lor  ammonia nitrogen, TSS and MODS  from City 01  t&Allen  WWTP roulins  sampling.

b N S  .  N o t  S a m p l e d
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Figure 5.25
Dissolved Oxygen for
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Phase II period and well below the regulatory discharge limit of 5 mg/L. TSS levels in
the WWTP are not presented; however, they typically range from 1 to 4 mg& higher
than in the ZenoGem filtrate.

Nitrogen Species. Figure 5.27 presents ammonia nitrogen concentrations for the
ZenoGeml  WWTP intluent,  ZenoGem filtrate and WWTP  effluent. The WWTP achieved
nearly complete nitrification during the test period (mean ammonia nitrogen
concentration was 0.24 mg/L).  In contrast, nitrification was not complete during most of
ZenoGem unit operation and ammonia nitrogen levels in the ZenoGem filtrate did not
reach similarly low levels until the last two weeks of operation. Incomplete nitrification
was the result of two factors:

During the first 3 weeks of operation, DO levels in the bioreactor tank were
insufficient (generally less than 2 mg/L).

During the period July 9 through August 5, DO levels were in the
appropriate range; however, nitritication  was less than complete and was
limited by the ability to transfer sufficient oxygen from the bulk fluid to the
organisms within the floes.  This was caused by low solubility of oxygen at the
temperatures in the bioreactor (85 to 95 OF). When bioreactor HRT was
increased from 2.9 to 4.7 hours on August 6 (effectively reducing oxygen
demand by the nitrifiers),  ammonia levels decreased to ~0.2 mgL.

Total Kjeldahl  nitrogen PKN) and nitrate/nitrite levels in the ZenoGem filtrate are
shown in figure 5.28. TKN levels were elevated during the first  half of testing but
decreased steadily to near zero by the last week of operation. In contrast, inorganic
nitrogen levels in the filtrate were very low during the first half of testing but incr’eased
to nearly 20 mg/L  during the latter part of operation. These results are consistent with
the earlier observation that nitrjfication  was inhibited during the early periods of
testing, improved dramatically as DO levels were increased and was optimum when DO
levels were sufficient and HRT was reduced.

Nitrification  Rate. Nitrifkation  rates were calcuIated  for the ZenoGem process and the
McAllen  WWTP. Assuming an average water temperature of 31 degrees Celsius
(observed during the Phase II activities) and a nitrifler  fraction of 0.054 (based on the
BOD/TKN  ratio), the specific nitrifkation  rate for the ZenoGem process and the
McAllen  WWTP were 0.26 g NH,-N/g NVSS and 0.17 NH,-N/g NVSS.

Total Phosphorus. A comparison of phosphorus removal by the two treatment
processes was not made during the study. There is no phosphorus limit imposed on
discharge of effluent by the WWTP. On average, the ZenoGem process removed 76% of
the phosphorus from the raw wastewater to about 2 mg/L. This level is typical for
wastewater treatment plants using the activated sludge process where no chemical
precipitation of phosphorus is practiced. Zenon  is currently operating the ZenoGem
process at selected locations to achieve phosphorus levels below 0.1 mg/L  using alum as
a precipitant (Lazier,  1997a).
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Figure 5.27
Ammonia as Nitrogen for

ZenoGem  and McAllen  WWW-  Phase II
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5.4.4.3 Conclusions

ZenoGem can treat McAllen’s  raw wastewater to a quality comparable to the City?;
existing WWTP effluent more efficiently than the existing WWTP. By operating th.e
activated sludge process at an average mixed liquor volatile suspended solids (MLVSS)
concentration of 11,000 n-&L and at solids retention times of 3 to 5 hours, ZenoGem
requires only one-tenth the hydraulic retention time, or “footprint,” to achieve the same
degree of BODj  and ammonia removal as the existing WWTP. The WTTP operates
with an average MLVSS concentration of 2,333 mg/L  and a hydraulic retention time of
29.8 hours. The nitritication rate for the ZenoGem process was 0.26 g NH,-N/g  nitirified
volatile suspended solids (NVSS)-day  compared to 0.17 g NH,-N/g  NVSS-day for the
McAllen  WWTP.

5.4.5 ZenoGem Process vs. ZeeWeed MF System

This section compares the operating characteristics of the ZeeWeed membrane used to
directly filter  secondary effluent to its use as part of the ZenoGem system. Such a
comparison allows a determination of (1) the relative economics of ZeeWeed operation
under the two treatment scenarios and (2) whether filtrate quality from ZenoGem
operation is comparable relative to quality requirements for the RO process.

5.4.5.1 Treatment Economics

Filtrate flow and membrane flux were presented in figures 5.15 and 5.16, respectively,
for the ZeeWeed MF system during Phase I and during Phase II. Flow and flux, both
control variables during the study, were approximately 67 percent higher for ZeeWeed
operation on secondary effluent. Flow and flux were controlled at the indicated levels
based on Zenon’s  experience with their MF process operating on the two different
feedstreams. This resulted in the ZeeWeed unit operating at 67 percent higher flux on
secondary effluent, translating into a substantially greater capital cost for ZeeWeed for
raw wastewater treatment. However, this cost difference could be mitigated by this
following factors:

. Where new wastewater and reuse facilities are needed, ZenoGem could be
used in place of both primary and secondary treatments as well as MF
treatment of the secondary effluent.

Where an existing wastewater treatment plant uses concrete structures for
either suspended growth secondary treatment and/or activated sludge
clarification, the ZeeWeed modules can be installed directly into these
structures (for the ZenoGem process), thereby deferring the cost of building
new basins or tanks to house the modules as would be required for ZeeWeed
MF of secondary effluent.
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Further, the lower rate of membrane fouling experienced during Phase II operation (see
figure 5.17) suggests that the ZeeWeed modules can be operated at a higher flux to
provided comparable cycle times between chemical cleanings. (Conversely, the modules
could be opera.ted  at lower flux rates when treating secondary effluent to provide
comparable cycles.) This would further mitigate capital cost differences.

5.4.5.2 RO Feedwater Quality

Figures 5.19 and 5.20 presented a comparison of filtrate turbidity and SD1  for ZeeWeed
operation during the two phases. Statistical information on these parameters is also
presented in table 5.18; data values were excluded for the latter part of Phase I where
ZeeWeed filtrate quality was adversely impacted by algal growth in the filtrate piping
and sample lines. No turbidity values were collected between July 17 and August 4
(Phase II) because of a malfunction of the McAllen  WWTP turbidimeter. Filtrate
turbidity values were generally comparable for the two phases, with ZenoGem filtrate
having a slightly higher mean (0.13 NTU for Phase I versus 0.16 NTU for Phase II.)
However, ZenoGem filtrate turbidity levels were consistently lower than the 0.2 NTU
RO feedwater criterion. The minimal turbidity difference underscores the ability of the
ZeeWeed merabrane  to act as a physical barrier to solids, given that the concentration
of solids on the feed side of the membranes averaged 15,000 mg/L  during Phase II
versus 3.6 mg/L  during Phase I.

In contrast, filtrate SD1  values for Phase II were significantly and consistently higher
than during Phase I. Mean SDIs  were 5.0 and 2.6, respectively. The data in figure 5.20
show a trend of increasing values for Phase I after 1,000 hours. As discussed
previously, however, the increases were caused by increased particle loading from algal
growth and sloughing in the filtrate piping and sampling lines and are not considered
representative. If values from 1,000 hours onward are excluded, the mean SD1  for
Phase I is 1.6. No trending was evident for Phase II filtrate, hence the mean value
of 5.0.

Theoretically, there should be no particles present in the ZenoGem filtrate  large
enough’ to cau.se  fouling of the 0.45~pm  nominal pore size SD1  filter pad. It is
hypothesized, inst.ead,  that the observed differences in SD1  values is a function of
differences in the content and level of large molecular weight, ionized, organic
compounds adsorbed onto the SD1 filter pad causing pore blocking and a reduction in
flow through the SD1  filter. The amount of these compounds appears to be a function of
SRT in the ZenoGem bioreactor. Research conducted at Orange County Water
District’s Water Factory 21 (WF-21)  and the Sanitation District of Orange County,
California, support this hypothesis (Lazier,  1997b). SDIs  greater than 5 were observed
during ZenoGem operation on primary effluent when SRTs  were greater than 5 days.

i larger than 0.2 microns in diameter
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Parameter

Table 5.19.-Water  Quality Parameters
ZeeWeed Phase I and ZenoGem Phase II

N O .  Of Samples Zeeweed  MF  Finrate  (Phase  I) ZenoGem F&ate  (Ph,ssse  II)

ZeeWeed ZenoGem Mea” Mi” MC0 Mean Min  -MS

TDS(mg/L) 4 4 I.216 9 7 5 1,410 9 4 3

conduct iv i ty  (us/cm) 6 3 1 8 2.027 1.575 2 . 5 2 5 1,532

TOC(mgk) 6 6 7.4 6 . 7 8.1 7.7

Color  (color  units) 5 6 7 . 6 0 . 0 15.0 17.6

uv  Absorbance @ 254  (l/cm) 1 2 1 6 0.120 0.106 0 . 1 4 2 0 . 1 4

SDS THM (mgA) 1 2 269.4 269.4 2 6 9 . 4 2 1 . 9

SDS HAA (mgn) 1 2 1 2 7 . 0 127.0 127.0 5 6 . 7

pH (““its, 6 3 5 9 6.07 6 . 9 7 6 . 3 6 7 . 3 4

Turbidity (NTU) 6 3 6 2 0.13 0 . 0 3 0 . 5 7 0 . 1 6

SDI 4 1 43 2.55 0 . 1 3 6 . 1 0 4 . 9 9

HPC (CF”/fnl, 3 6 3.215 4 0 0 13.000 6 . 1 2 5

Total Cdifonn  (CFLVlOO  ml) 3 7 6 1 16 7

861 1,022

1,320 1 , 7 0 0

6 . 6 9.3

10.0 25.0

0.11 0 . 1 6

21.9 21.9

5 6 . 7 5 6 . 7

6 . 9 0 7.77

0 . 0 6 0.36

1 . 6 7 6.40

1,500 ‘I  1.200

3 11

1 7

At the Sanitation District of Orange County, ZenoGem operation on the same primary
effluent at SRTs  less than 5 have produced filtrate SDIs  less than 2. Additional testing
at WF-21 showed that as the SRT was allowed to increase, the SD1 values increased.
Although SD1 values from ZenoGem operation were greater than the RO feedwater
criterion of 3, it is not known if the higher SDIs  will result in a greater rate of RO
membrane fouling. Additional research is necessary to better define (1) the relationship
between ZenoGem process operational characteristics (MLVSS,  HRT and SRT)  and
fntrate  SDI, (2) what compounds present in the ZenoGem and ZeeWeed filtrates are
responsible for causing flow reductions in the SD1  filter, and (3) what correlation
filtrate SD1 values have to actual fouling rates of RO membranes operated on either
ZeeWeed or ZenoGem filtrate.

Within the level of accuracy of the analytical method used, total and fecal coliform
levels in the filtrate were comparable for the two Phases of ZeeWeed operation. Again,
positive counts were observed during Phase II. A membrane integrity test was
performed following the conclusion of Phase I testing and chemical cleaning to coilfirm
that there were no leaky or broken fibers or compromised areas where the fibers are
potted into the module heads. To check integrity, the process tank was filled with
potable water and compressed air was applied to the interior of the fibers. No air
bubbles were observed in the tank that would signal a compromise of the membranes or
potted areas. Consequently, a firm conclusion cannot be drawn regarding the presence
of low numbers of coliforms in the ZeeWeed filtrate during both test phases. Possible
causes include sample contamination and growth of coliforms within the filtrate piping
and sampling system (filtrate was not disinfected during either phase of operation).
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5.4.6 ZenoGem Process vs. Memcor MF System

Filtrate characteristics of the ZenoGem process and Memcor system were compared
based on results obtained during Phase II relative to RO feedwater requirements and
for other selected water quality parameters. A similar comparison was described earlier
in this report for ZeeWeed and Memcor systems based on Phase I testing.
The water qua.lity  parameters for the effluent from Memcor MF system were nearly
equal during Phase I and Phase II testing. Therefore, it is considered appropriate to
directly compare results for the ZenoGem process to the Memcor MP  system Phase II
results. Table 5.19 presents the Memcor MF system and ZenoGem process water
quality parameters and the results obtained during Phase II testing. These parameters
are discussed below:

Table 5.19.-Water  Quality Parameters
ZenoGem Process and Memcor MF System - Phase II

No.  of  Samples ZenoGem Fi l t ra te Memcor  MF F i l t ra te

Pammete, ZeeWeed Memcor Mean Mi” MZIX Mean Min M a x

TDS (mg/L) 4 2 9 4 3 8 8 1 1.022 1,139 9 7 7 1,411

Conductivity (&cm) 18 5 8 1,532 1,320 1.700 1,789 7 5 5 2 , 4 1 0

TOC (WU 8 9 7 . 7 6 . 6 9 . 3 6.9 5 . 3 8.1

color  (color  ““its) 8 9 17.8 10.0 25.0 9 . 6 0 2 0 . 0

“V Absorbance @ 254 1 6 17 0 . 1 4 0.11 0 . 1 8 0.11 0.09 0 . 1 4
(I/CllQ

THM (mp/L) 2 2 2 1 . 9 2 1 . 9 21 .s 317.4 3 1 0 . 3 3 2 4 . 4

HAA  @?9-) 2 2 5 6 . 7 5 6 . 7 5 6 . 7 129.5 128.3 130.6

pH (“nits) 5 9 5 8 7 . 3 4 6 . 9 0 7.77 7 . 0 9 6 . 8 6 8 . 1 6

TSS (mgiL) 8 9 0 . 5 7 0 . 2 0 1 .oo 0.30 ND’ 1.00

Turbidity (NTU) 8 2 78 0 . 1 6 0 . 0 6 0 . 3 6 0 . 1 0 ND 0 . 5 3

SDI 43 4 0 4 . 9 9 1.67 6 . 4 0 2.11 0 . 4 0 7 . 6 0

HPC (CF”,,“,) 8 7 6 , 1 2 5 1.500 1 1 . 2 0 0 3 5 1 6 2 6 4 1 2 , 0 0 0

Total Coliform  (CPU/l00  ml) 7 7 7 3 11 5 ND 1 5

Fecal Colifon  (CFU/lOO ml) 7 7 3 1 7 ND ND N D

’ ND-Not Detected

Turbidity and SDI. Figures 5.29 and 5.30 present filtrate turbidity and SD1 for the
Memcor MF system and the ZenoGem process for Phase II. No turbidity values were
collected between July 18 and August 4 because of a malfunction of the McAllen  WWTP
turbidxmeter.  Filtrate turbidity for ZenoGem was greater than for Memcor but still
averaged below the RO feedwater criterion. As discussed in section 5.4.5.2 which
compared ZeeWeed Phase I and ZenoGem filtrate SD1  results, filtrate SD1  values
during Phase I were significantly greater for ZenoGem than for the ZeeWeed system.
Mean SD1  for ZenoGem was 5.0 versus 2.1 for Memcor during Phase II.
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Figure 5.29
Phase II Filtrate Turbidity

Memcor and ZenoGem

7.

Figure 5.30
Phase II Filtrate SDI

Memcor and ZenoGem
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In general, discussions regarding comparison of filtrate quality for ZeeWeed MF
operation on secondary effluent and ZenoGem  operation are relevant here.

5.5 MF System Water Quality vs. Source Water Quality

The primary goal of IPR is to produce an effluent that is equivalent to or better than
the quality of the raw water supply which it will supplement. Table 5.20 presents data
for selected parameters of the source water that were also monitored in the three
filtrate streams evaluated during this testing (Memcor  filtrate, ZeeWeed filtrate, and
ZenoGem  filtrate). Table 5.21 presents particle count data that were obtained during
the study. Counts in the size range greater than 10 to 15 microns were not measured.
The following can be concluded from an examination of the data in tables 5.20 and 5.21:

MF treatment, in any form evaluated, is not capable of reducing the levels of
dissolved parameters to match those present in McAllen’s  current raw water
supply (source water). MF treatment has no effect on dissolved constituents
and. hence some other treatment process will be needed to provide the
necessary reduction in TDS, TOC, UVA-354, and compounds responsible for
the formation of THMs  and HAAs.  As described in section 1.0, this process
will. be reverse osmosis.

Altbough  a measure of dissolved constituent, pH does not require additional
treatment to be acceptable. (RO  will reduce pH,  however.)

AI1  MF technologies evaluated can reduce turbidity and SD1  to significantly
lower levels than measured in the source water.

All MF’  technologies can produce filtrates with coliform characteristics
similar to that of the source water. None appears capable of reducing HPCs
to levels present in the source water, however. Again, additional and
substantial reduction in these bacterial measurements can be anticipated
with RO treatment of the MF filtrate.

Particle counts in the filtrate from all three MF systems are significantly
lower than counts in the source water. Filtrate counts, however, were higher
than what was anticipated. Other studies where Memcor and ZeeWeed
technologies are used to treat surface water supplies to directly produce
drinking water typically have particle counts of less than 5 per ml where
care is taken to remove air bubbles from the stream prior to measurement.
The higher counts observed in this study are attributed to (1) sample
contamination caused by particle sloughing from growth in the filtrate piping
and, sample tubing, and (2) entrained air in the samples not removed prior to
introduction into the counter sensor.
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Table 5.20.-RO  Feedwater Quality Parameters
ZeeWeed and Memcor Phases I and II

Parameter

lnorganics

UV-254

TDS

Average Result -
ZenoGem

Source Memcor Phase I ZeeWeedFiltrate  Filtrate
Water’ and II Filtrate Phase I Phase II Units

0.102 0.11 0.120 0.14 l/cm

746 1,139 1,216 943 m@
TOC 3.8 6.9

SDS HAAs 65 129.5

SDS THMs 226 317.4
PH 8 . 1 7.09

Turbidity 14.6 0.10

Silt Density Index 15.1 2.11

Total Coliform 20 5

Fecal Coliform 5 ND

HPC 1150 3,516

’ Based on an average of two SampIeS.

7.4

127

289.4
8.07

0.13

2.55

8

14

3,215

7.7 mg/l

56.7 w/l

21.9 WI
7.34 Units

0.16 NTU

4.99 unitless

7 CFU/l  00 ml

3 CFU/l  00 ml

6,125 CFUlmi -

Table 5.21.-Source  Water and Filtrate Particle Counts Phase I and Phase II
Average Particle Count
Memcor ZeeWeed ZenoGem

Particle Size Source Phases I and Phase I Phase II
(microns) Water II Filtrate Filtrate Filtrate

2.0 to 3.0 1128 49.2 65.0 34.5
3.0 to 5.0 5378 80.3 117.3 51.5
5.0 to 8.0 8037 63.4 127.0 30.1
8.0 to 10.0 3105 26.9 106.7 19.6
10.0 to 15.0 2526 Not Not Not

Measured Measured Measured
> 15.0 686 Not Not Not

Measured Measured Measured
Total’ 17.648 219.8 416 135.7

’ All particles from 2.0 to 8.0 microns in diameter.



6. COST ESTIMATES FOR IPR USING LIME AND
MICROFILTRATION TREATMENT

This section presents cost estimates for advanced treatment systems to provide 6.8 mgd
(25.7 ML/day) of reclaimed water that would serve as a supplemental source of raw
water for the City of McAllen’s  drinking water supply. Cost estimates were developed
for the following two alternative approaches to treating secondary effluent from the
City’s S-P to a quality suitable for discharge to a new raw water storage reservoir:

High-pH  lime clarification, recarbonation, high-rate gravity filtration and RO
and ultraviolet light (UV)  disinfection.

Memcor MF, RO, and UV disinfection.

As presented above, both alternatives incorporate RO and UV disinfection. High-pH
lime clarification was selected because it is the traditional method of clarification of
secondary effluent prior to RO treatment and has been in use for this purpose since
1977, as described in section 1 of this report.

6.1 Cost Assumptions

Figures 6.1 and 6.2 present flow schematics for integrated IPR treatment systems using
these process alternatives.

The cost estimates were prepared at an order-of-magnitude level, which is defined by
the American Association of Cost Engineers as an approximate estimate made without
detailed engineering data. The estimates were prepared to provide a relative cost
comparison of the alternatives and are based on information available at the time; final
costs for each of the alternatives will depend on actual labor and material costs, market
conditions, project scope, implementation schedule, and other factors and will differ
from the estimates presented. All costs are presented in present day dollars. Total
annual unit costs are based on a product water flow of 6 mgd.

RO recovery is assumed to be 85 percent for each system, therefore, 15 percent of the
RO inflow must be disposed. No costs for disposal have been included in these
estimates. However, this cost can be substantial if mechanical evaporation is used. The
cost for mechanical evaporation can nearly equal the cost for the liquid-side treatment
facility. Costs for the chemical sludge generated by the lime/R0  system have been
reflected in the cost estimate.
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Fgure  6-2. Process Row Diagmm  for W-based IPR  Treatment System.
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6.2 Cost Estimates

Estimates were prepared for the following cost categories:

Installed equipment, total construction, total capital, total unit capital, and
amortized capital

Total operation and maintenance (O&M),  total O&M unit

Total annual and total annual unit

Table 6.1 presents the cost estimates for the two alternatives. The table also lists the
fundamental a,ssumptions  necessary to develop design and O&M criteria for each unit
operation and process. CHZM  HILL and third party reference materials that were used,
where appropriate, in developing the estimates are also shown in the Table 6.1.

The estimates indicate that the MF-based alternative has a slightly greater estimated
capital cost, but a significantly lower estimated O&M  cost relative to the lime-based
alternative. As a result, the estimated total annual cost for the MF-based alternative is
approximately 10 percent lower than for the lime-based alternative. Within the
accuracy of the estimating method, this difference is not considered significant.
However, it does indicate that &IF-based  IPR treatment is cost-competitive with lime-
based treatment, if not potentially cheaper. The MF process is much simpler to operate
and requires significantly less chemical handling and chemical sludge disposal.

6.3 ZeeWeed/ZenoGem Costs

Costs are not presented for a ZeeWeed MF system because they were not included in
the Scope of th.e Original Proposal. In order to compare Memcor and ZeeWeed MF
systems on a cost basis, the following items would need to be addressed:

Major process equipment for each system

. Buil.ding  area requirements

MF feedwater screening

MF feedwater disinfection (chlorine and ammonia for Memcor, possibly
nothing for ZeeWeed)

Although costs were not developed for the ZeeWeed system, capital costs for the
ZeeWeed unit are estimated to be higher when the system is operated on raw
wastewater (Phase II) as opposed to secondary effluent (Phase I). This is due to the
ZeeWeed unit operating at a higher flux on secondary effluent during the study.
However, this cost difference is mitigated by the following factors:
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ZenoGem  could be used in place of both primary and secondary treatment
systems as well as for MF treatment of the secondary effluent.

ZeeWeed modules could be installed directly into existing concrete structures
for the ZenoGem  process, deferring the cost of new tanks which would bbe
required for the ZeeWeed MF unit if treating only secondary effluent.

The lower rate of membrane fouling experienced during Phase II, suggests
that the ZeeWeed modules may be capable of operating at a higher flux to
provide comparable cycle times between chemical cleanings.
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Appendix A. Photographs of Pilot Plant
Facilities and Associated Equipment





















TABLE 8-l
OPERATINQ  DATA

MEMCOR - PHASES I AND II

FCumulative BB Tolallzed ate1
Operetlng Time  Hourflun  Pressure PreSSUVJ Pressure Feed Flow FIOW Flllmle  Flow FIOW Temperalur

Dale h Time (hrsl Me1er (pdj [PSll [pall  TMPfpsll  (gp  I l9P  I [galj Tolake, I'Fj
Tue  7/a/97  I3:OO 2OlI.50 6.280.6 20.2 25.2 17.9 IO.3 1s; ,a; 19.074.940 196.024 89
Wed 7/B/97  7:001
wed 719197  13:OO
Thu 71lO197  7:00
Thu 7110197 1300

Frl 7/ll/S7  7:cO
Frl 7/Il/O7  13:OO
sat 7/12/#7  7:w

,stN 7/12/#7  l3:60
sun 7/13/07  7:oo

'sun 7/13/*7  13:oo
Man  7/I4/#7  7:00
Mm 7/14/97  I3:OO
Tue 7/16/97  7:oO

Tue  7/15/07  13:oO
Wed 708197  7:M)
Wed 7/16/97 1300
Thu  7117197  7:lXJ
Thu 7/17/97  I5:W

Fd 706197  7:00
Frl 7/16/97  13~00
srd 7/lB/s7  7:oo
sat 7119197 I3:OO
Sun 7/20/07  7:oo
sun 7/20/07  1300
Mm 7/21/97  7:Ocl

MO,,  7/2l/B7  13:W
Tue 7/22/07  7~00

Tue  7/22/97  13:oO
Wed 7123107  7:OO
Ned 7/23/07  13:OO
Thu 7/24/#7  7:00
Th" 7/24/97 13:00

Frl 7/25/97 7:00 I
Fd 7/25/97  I3:W
Sal 7/26/#7  7:00

Sa,  7/26/97  13:oo
Sun 7/27/#7  7:00
sun 7/27/97  13:oo
Mm 7126197  7:W
Man 7/2#/07 13:oo

202O.lO 6;2#8.2
2034.60 6.303.9
2052.30 6,321.4
2057.70 6,326.6
2075.50 6.344.6
2061.20 6.350.3
2097.40 6.3665
2104.40 6.373.5
2121.60 6.390.6
2127.80 6.396.7
2145.20 6.414.3
2151.00 6.420.1
2166.30 6.437.4
2174.20 6.443.3
219i.70 6.460.6
2197.40, 8.466.6
22l4.00 8.464.0
22I6.50 6.467.6
2234.30 6.503.4

2257.40 6.526.5
2263.40 6.532.6
2291.10 6.550.2
2287.40 6.656.6
2304.10 6,57X2
2309.00 6.579.0
2327.20 6596.3
2333.10 6,602.P
2350.60 6.6lB.6
2356.20 6.625.3
2373.90 6.643.0
2379.90 6.648.9
2396.00 6.666.0
2402.60 6,671.7
2420.10 6,660.2
2425.60 6.694.9
2443.40 6.712.5
2446.70 6,717.a
2466.70 6.735.8
2472.20 6,741.3

27.7 24.9
26.4 25.4
27.2 24.3
26.1 - 23.1
27.4
20.2
26.1
25.5
26.0
27.0
27.0
28.3
27.6
27.4
27.6
26.1
27.7
26.2
27.5
27.1
27.6
27.6
27.5
27.7
27.7
27.7
26.3
29.2
27.6
26.2
26.3
27.4
27.4
28.3
27.7
25.6
27.6
28.1
27.7
26.3

24.6
26.3
25.1
22.5
25.1
24.7
25.1
25.3
25.0
24.5
24.7
25.1
24.0
25.3
25.0
24.3
25.1
24.6
24.7
24.6
24.9
25.2
23.6
25.3
24.6
25.3
23.5
24.6
24.6
26.3
25.0
23.1
25.0
25.3
24.9
25.3

16.3 Il.4 20.0 20.0
16.7 11.7 20.0 20.0
15.1 12.1 20.0 20.0
14.2 11.9 20.0 20.0
14.7 12.7 200 20.0
16.0 12.2 20.0 20.0
15.5 12.6 20.0 20.0
13.5 12.0 20.0 20.0
14.9 13.1 20.0 20.0
14.6 12.6 20.0 20.0
13.8 14.1 20.0 2g.o
14.3 14.0 20.0 20.0
12.0 14.9 20.0 20.0
12.5 14.0 20.0 20.0
12.1 15.4 20.0 20.0
12.2 15.9 20.0 20.0
10.9 16.6 20.0 20.0
19.7 9.5 20.0 20.0
16.4 9.1 20.0 20.0
16.0 9.1 20.0 20.0
19.1 9.7 20.0 20.0
19.3 0.3 20.0 20.0
18.3 9.2 20.0 20.0
16.2 9.5 20.0 20.0
16.5 9.2 20.0 20.0
16.3 9.4 20.0 20.0
16.6 9.7 20.0 20.0
16.6 0.6 20.0 20.0
17.4 10.1 20.0 20.0
16.2 10.0 20.0 20.0
16.2 IO.1 20.0 20.0
17.3 IO.1 20.0 20.0
16.5 10.0 20.0 20.0
17.3 11.0 20.0 20.0
16.3 11.4 20.0 20.0
14.6 11.2 20.0 20.0
15.9 12.0 20.0 20.0
16.2 11.9 20.0 20.0
15.4 12.3 20.0 20.0
16.0 12.3 20.0 20.0

1#;096;060 1#9;708
16.102.900 200.363
l6,123;#00 202;260
1#,130.360 202,670
la,161,740 204,896
16,156.590 205,544
16.176,020 207,412
16,186.420 208,056
l&206,940 209,946
16.214.260 210,497
ta.235.360 212,341
16.242.340 212,990
Ia.263,IW 214,806
I&270,160 215.663
1#,2#1,160 217,467
19.296.020 216.122
16.319.020 220,039
16.323,340 220,324
16,342,3W 222.067
IO,538,220 222.696
16.370.020 224.665
16,377,220 225,345
19.399.460 227,410
16,406.020 226,129
16.426.060 230,077
16.433.020 230,726
16,453.760 232,661
19.460,660 233,333
16.491.740 235,254
10.496.560 235.993
16.500.620 237,620
16.616.900 236,961
16,537,420 240.296
la.544,260 240.939
16.665,260 242.935
16.672,100 243,474
16.503,220 245.501
1#.60#,590 246,109
19,621.160 246,067
16,627.760 2,446.685

61
08
62
66
a1
88
84
92
61
9 2
a2
B6
91
66
62
Be
0 1
91
et
96
60
91
83
91
63
69
63
DO
62
69
a2
97
92
es
92
69
62
69
a2
es
63me 7/2s/s7 7:oo 247S.90 6,740.9 27.5 24.7 14.7 12.9 ao.0 20.0 16.636.OW 250,617

Tue 7/20/97 13:OO 2495.20 6.764.3 26.3 23.4 13.5 12.6 20.0 20.0 19,655.360 251,221 9 1

FIUX
$jpd/fl*l Aecovery  %
23.07 SO.00
26.63 90.91
26.63 90.91
26.63 90.91
26.63 90.91
26.63 90.91
26.63 90.91
26,63 90.91
26.63 90.91
26.63 90.91
26.63 90.91
26.63 90.91
26.63 80.01
26.63 90.91
26.63 90.91
26.63 90.01
26.63 90.91
26.63 so.91
26.63 90.91
26.63 90.91
26.63 so.91
26.63 00.91
26.63 SO.Sl
26.63 90.01
26.63 90.91
26.63 90.91
26.63 90.91
26.63 00.81
26.63 90.91
26.63 90.9l
26.63 90.91
26.63 90.91
26.63 BO.Dl
26.63 BO.BI
26.63 90.91
26.63 90.91
26.63 90.91
26.63 80.9 I
26.63 90.81
26.63 90.91
26.63 90.91
26.63 90.01
26.63 WOl



TABLE S-1
OPERATING DATA

MEMCOA - PHASES I AND II

Cumulallve F e e d  Reclrculallon  Fllbale Flilrale  Tolallzed’ Wkll0f
OperaHng  Time  Hour  Run Presswe PC08SlH-3 Pressure Feed  raw FIOW FIllrate  Flow FIOW Temperslur

Dale 6 Tkne lhrsl Meter (PSI] [PSI) [PSI]  TMPlpslJ  lgpml lgpm] [gal) Tolellzer IV
Wed 76101S7  7100 2512.80 6.762.0 27.5 24.6 13.7 13.8 20.0 20." l&676.620  253.214 62

14.6 20.0 20.0 16.663,340 253.646 69Ved 7/30/07  l3:W
Thu 7/31/97  7:W
1hU 713vs7  13:W

Frl  611197  7:W
Frl B/l/O7  13~00
Sal lwS7 7:w

SSI  6/2/97  13:OO
sun S/3/87  7:w
sun a/3/07  13:w
Man  E/4/97  7:oo
Mm a/4/97  woo
Tue  6/5/97  7~00

Tue  6/5/97  l&W
w&id S/6197  7:oo
Wed e/6/97 1300
Thu a/7197 7:W I
Thu B/7/97  13~00
Fd 618197  7~00

RI E/E/97  13100
Sat 6/S/97  7:00

SSI  6/S/97  13:oo
sun B/IO/o7  7:W
sun 61101S7  13:W
Mm S/II/S7  7:oo
4on S/11/07  l3:90
Tus S/12,97 7:W
rue two7 13:~
Wed S/13/97 7:00
fed E/13/97  13:OO

2518.50
2536.10
2541.60
2550.30
2664.80
2682.60
2566.20
2603.00
260%30
2627.10
2632.60
2650.30
2655.90
2673.50
2670.30
2696.70
2702.40
2720.W
2725.50
2742.90
2746.40
2766.20
277l.SO
2789.40
2785.10
2617.60
2818.30
2835.60
2641.60

6.787.6
6.605.2
6;Bto.o
6,626.4
8.834.0
6.65,.7
6.655.3
6,673.O
6.676.4
6.896.2
6.001  .o
6,910.4
6,926.O
6,842.E
8.048.4
6.065.8
6,971.6
6.989.1
6.994.6
7.012.0
7,017.5
7,035.3
7,041.o
7.056.5
7,064.2
7,066.7
7.087.4
7,104.g
7,110.7

28.2 25.3
27.6 24.0
27.8 24.0
27.6 - 24.7

13.6
14.5

26.2 25.6
28 26.3

27.9 25.2
27.8 25.2
26.2 26.4
27 24.3

26.5 25.6
26.9 25.5
28.5 25.6
28.1 25.3
26 23.3

28.2 25.5
26 23.2

28.1 25.4
26 23.3

27.1 24.3
27.6 24.7
28 25.2

20.6 25.6
28.2 25.6
26.5 25.6
26.1 25.2
26.6 25.6
27.0 25.0
25.0 23.0

13.3
13.4
12.2

12.5
11.0
20.2
18.4
20.0
16.5
20.2
10.7
19.7
16.6
17.1
16.3
16.2
17.3
15.5
15.3
16.4
15.6
16.4
14.6
15.2
13.7
14.5
11.6
II.0

14.5
15.4
15.7
17.0
7.7
6.5
6.2
6.5
8.3
8.9
8.8
0.3
a.9
0.0
0.8
10.6
10.5
II.6
11.2
12.4
12.2
13.6
13.3
14.4

20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0

20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0

16.3
14.9

20.0
20.0
20.0
20.0

20.0 16.704.460 255,769 62 26,63 90.91
20.0 16.7ll.3W 256.418 92 26,63 9O.Ol
20.0 16,732.300 256,301 63 26.63 SO.Sl
20.0 16.730,020 256.034 69 26.63 90.81
20.0 l6,760.260 260,621 63 26.63 90.91
20.0 16,764.560 261.099 67 26.63 90.91
20.0 16.785.620 263.032 62 26.63 90.81
20.0 16.702.300 263,711 00 26.63 90.91
20.0 lE.613,660 265.617 81 26.63 90.91
20.0 lS,620,5W 266,252 ea 26.63 so.91
20.0 18.641.500 266,lSS 6 1 26.63 SO.Sl
20.0 18.846,220 266,812 88 26.63 SO.91
20.0 la,669,340 270,691 62 26.63 SO.91
20.0 16,676,3W 271.269 01 26.63 90.01
20.0 1S.607.160 273,147 62 26.63 90.91
20.0 lS.804.020 273,776 0 1 26.63 90.01
20.0 1&026.140 275.740 62 26.63 90.91
20.0 16.931.740 276,340 01 26.63 90.91
20.0 16.052,620 276.329 62 26.63 SO.Ol
20.0 16.059.220 276,071 81 26.63 00.01
20.0 16,OSO,560 260,615 61 26.63 90.01
20.0 16.067.420 261.453 04 26.63 90.91
20.0 19.W8.420 263,327 62 26.63 90.9l
20.0 10.015.260 263.856 69 26.63 90.91
20.0 19.042.260 285.824 Ill 26.63 80.91
20.0 10.043.1W 266,456 91 26.63 90.91
20.0 18.054.100 266,265 82 26.53 90.01
20.0 1ll,071.060 260,843 01 26.63 90.91

Thu 8/l4/97 7~00 2850.10 7.128.2 27.9 25.3 10.0 17.0 20.0 20.0 19.092,060 290,727 62 26.63 90.91
IhU S/14/07 l3:OO 2664.70 7.133.6 26.2 23.4 0.7 16.5 20.0 20.0 l9,098,760 291,339 81 26.63 90.91

Noles:
Flux = F6lr9leflowlmembranesrea
Aecovelv.  amounlalleedwsler  convededlo6llmle  f9r#Juclwsl9rl
Recnve$  - smounl  01  waler produced /(amount 01  w&r  produced ;backwash)
Recovary  - FlllraleVol/(Flllrale  vol. + Backwashvol)
Backwash %I= sweep voI+  Flllmle  exhausl
Membrane Area based onOulerdlam-33.6  m'permodule

FklX
~pd!l121  Recowy
26.63 SO.91
26.63 90.91

PiKJ96ldB



TABLE B-2
OPERATINQ  DATA

Date B Tlms
Mm 4/14/97  631

!.lwl  4/14/87  1331
TM 4/15/97  IO:01
Tue  4/15/97  13:31
Wed 4116197 6:31
Wed 406197  13:31
Th" 4/17/97  &31
Th" 4/17/97  li:4!

Frl  4116197  6:31
Frl  4/18/87  1331
Sal  4/19/97  a:31

Sal  4/19/87  1231
Sun 4/20/97  13~01
Sun 4/28/97  1231
Mm 4/21/97  *:01
Man 4/21187  13:31
Tue  4122197  6:4!

Tue  4/22/97  133
wed 4t23197  6:1!
wed  4/23/97  13:31
Tb"  4124197 6:31
Thu 4/24/87  14:Ol

Frl  4/25/97  6:M
F,, 4,25/97  14:3(
Sal  4126197  6:01

se.1  4/26/97  12%
sun 4/27/97  8:31

S",, 4/27/97  12:31
Mall  4/28197  8:Ol
Mm 4/26/97  13:Oi
Tue  4/29/97  8:4!

Tue  4/29/97  1331
Wed 4/30,97  B:O1
Wed 4610197 14~01

Thu 5/I/97 8:M
Thu 5/I/97  14~01

25.50
28.00
48.00
53.00
72.w
75.25
98.00
101.00
120.00
124.00

i 143.50
148.M)
167.50
173.00
192.25

1O7.00
215.75
221.00
240.00
245.50
263.50
270.00
267.50
292.00
312.00
316.00
335.50
340.50
360.26
385.00
363.50
369.60

Recorded Data
ZEEWEED - PHASE I

1.17 3.43 32.97

7.6 6.0 13.0
7.5 6.0 13.0
6.6 6.5 13.0
7.5 5.5 13.0
7.0 6.6 13.0
6.0 6.0 13.0

6 2
62
7 4
7 4
7 8
7 6
64 26.0
76 26.0
76 27.0
79 20.0
78 27.0
60 25.0
76 25.4
84 24.0
60 25.0
84 23.0
77 26.0
62 25.0
76 26.0
79 25.0
79 26.0
65 '25.0
77 26.0
60 25.0
70 26.0
72 26.0
71 27.0
EO 24.0
74 26.0
83 24.0
79 27.0
63 25.0
62 26.0

6.6 6.0 13.0 13.0 7.6
8.0 00 13.0 13.0 7.3
8.0 6.5 13.0 13.0 7.3
7.5 6.5 13.0 13.0 7.4
7.5 6.0 13.0 13.0 7.3
7.0 6.0 13.0 13.0 7.3
7.6 ‘3.0 13.0 13.0 7.2
7.0 6.0 12.6 12.5 7.2
7.0 6.0 1,3.0  13.0 7.3
7.5 6.6 13.0 13.0 7.3
7.0 6.0 12.0 12.0 7.4
7.5 6.5 13.5 13.5 7.3
9.0 7.0 12.0 14.0 7.3
8.0 7.0 13.5 13.5 7.4
6.5 7.0 13.5 13.5 7.5
7.0 6.5 13.5 13.5  7.6
9.0 7.0 13.0 13.0 7.3
9.0 7.0 13.0 13.0 7.6
9.0 7.0 13.0 13.0 7.5
8.0 7.0 13.0 13.0 7.5
IO.5 8.0 13.0 13.0 7.7
10.0 T.5 13.5 13.5 8.0
10.0 7.5 14.0 14.0 7.6
a.0 7.6 13.0 13.5 6.0
9.0 7.5 13.0 13.0 7.6
9.0 7.0 13.0 13.0 7.7
9.0 7.0 13.0 13.0 7.6

5
5
5
6
5
6
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
6
6
5
5
'5
5

6.00 2,102.I 315 96.48 7.26 3.93 3.43 32,97
8.00 2.398.6 285 96.70 6.75 3.66 3.43 32.97
0.00 2.342.4 310 96.54 7.26 3.66 3.43 32.87
6.00 2.530.2 255 87.13 7.26 3.19 3.43 32.97
6.00 2.562.3 320 86.43 7.25 3.66 3.43 32.97
6.00 2.768.3 260 87.06 7.26 3.44 3.43 32.87
6.W 2,626.0 305 86.68 7.25 2.95 3.43 32,87

I O
1 0
I O
1 0
I O
I O
I O
I O
I O
I,0
I O
I O
I O
I O
I O
I O
I O
I O
I O
I O
1 0
I O
I O
I O
I O
I O
I O
I O
I O
I,0
10
I O
I O
I O

6.00 3,009.9 265 97.02 7.75 4.17 3.43 32.97
8.00 3.065.1 320 86.43 7.50 3.83 3.43 32.97
6.W 3.259.2 275 96.92 7.50 3.83 3.43 32.87
6 . 0 0 3,295.5 320 96.43 7.50 3.66 3.43 32.87
6.W 3.490.6 265 96.61 7.50 3.66 3.43 32.97
6.00 3.536.0 320 88.43 7.50 3.44 3.43 32.97
6 . 0 0 3,732.B 295 96.70 7.75 3.66 3.43 32.97
6 . 0 0 3,767.Z 265 86.61 7.50 3.44 3.30 31.70
6.00 3.961.7 265 96.61 6.00 3.44 3.43 32.97
6 . 0 0 4,029.6 315 96.46 6.75 3.66 3.43 32,97
6.25 4,220.3 300 88.77 6.50 3.44 3.17 30.43
6.25 4,273.E 310 96.67 7.25 3.66 3.57 34.24
6.25 4.467.1 290 96.66 7.75 3.93 3.17 30.43
6.25 4,523.E 315 96.62 7.75 3.93 3.57 34.24
6.25 4,707.5 300 86.77 7.50 4.17 3.57 34.24
6.25 4,773.3 335 96.41 7.25 3.44 3.57 34.24
6.00 4.952.2 265 96.61 7.76 4.42 3.43 32.97
6.00 4,996.O 320 96.43 7.50 4.42 3.43 32.97
6.00 6.2065 320 96.43 7.50 4.42 3.43 32.97
6.W 5.233.7 315 CX6.46 7.50 4.42 3.43 32.97
6.00 5.434.1 315 96.46 7.75 6.16 3.43 32.97
6.25 5.465.5 330 06.46 7.00 4.91 3.57 34.24
6.25 5.666.1 315 96.62 6.00 4.91 3.70 35.51
6.00 5.735.0 335 96.27 7.00 4.42 3.43 32.97
6.00 5.907.2 305 96.59 7.25 4.42 3.43 32.97
6.00 5.862.1 320 96.43 7.25 4.42 3.43 32.87
6.25 6.150.7 310 96.67 7.25 4.42 3.43 32.87

84 25.0 6.5 7.0 13.0 13.0 7.6 9 13.0 5 IO 6.25 6.211.6 330 86.46 7.50 4.17 3.43 32.97

p:\wbNozler\mc~en\l~repomAppx_b_I.xlsVeeWeed  -82 Page  IO14



TABLE B-2
OPERATING DATA

Frl  5/2197  1330
Sat 5/3/97  n:30

Sal 5/3/87  1 I:30
sun 514197  a:00
Sun s/4/97  12:30
Mm Ii/5197  730

Mall  lx/87  13:30
Tue  5/e/97  7~30
Tue 5/5/97  13~30
Wed 5/X97  COO
Wed X7197  14:OO
Tha  5/E/97  7~30
Thu 5/8/97  l4:W

Frl 5/9/97  7:30
Frl  51197  13~00
Sal 5/10/97  7:30

Sal  5110197 14:oo
SW 6/11/97  7~30
sun s/11/97  1330
,&II  5/l2,97  7~30
blon 5/12/97  1330
Tue 5/13/97  7~30

Tim  5/13/97  13:30
Wed 5/14107  6:00
Ved 5/14/97  1315
Tbu  5/15/@7  7:30
Thu 5,,5/87  15:W

Frl 5/16197  8:OO
Fd 5/W/97  13~00
Sal  5/,7/97  ll:w

Sal  5117197  1230
sun WI6197  8:oo

sun  5/18/97  ,230
Mwl  5/l9/87  7:30

437.00

I

a7 24.0
456.00 82 25.0
459.00
479.50
464.00
503.00
508.00
527.00
533.00
551.50
557.50
575.00
581.50
599.00
604.50
523.00
629.50
647.W
653.00
671.00
677.00
685.00
7Ol.W
719.50
724.75
743.00
750.50
767.50
772.50
791‘50
796.W
615.50
820.00
939.00

7.0 13.0
7.0 13.0
7.0 13.0
8.0 13.0
8.0 13.0
6.5 13.5
6.5 13.5
9.0 13.0
9.0 13.0
9.0 13.0
9.0 13.0
8.0 13.0
8.0 13.0
9.5 13.0
8.5 13.0
9.0 13.0
9.0 13.0
9.0 13.0
8.0 13.0
8.0 13.0
a.5 13.0
8.0 13.0
9.0 13.0
7.5 13.0
8.5 13.0
6.0 13.0
6.5 13.0
7.5 13.0
8.5 13.0
9.6 13.0
10.0 13:o
10.0 13:o
10.0 13.0
9.5 13.0
10.5 13.0

13.0 8.0 9
(3.0 7.6 I O
13.0 7.8 1 0
13.0 8.4 11
13.0 6.2 1 0
13.5 6.4 II
13.6 8.4 1 0
13.0 6.1 11
13.0 6.0 1 0
13.0 6.1 11
13.0 6.0 IO
13.0 6.2 1,
13.0 8.2 1 0
13.0 .tl.z 11
13.0 6.2 1 0
13.0 6.2 II
13.0 6.0 11
13.0 6.0 11
13.0 6.0 I O
13.0 6.2 1 0
13.0 8.4 9
13.0 8.6 11
13.0 6.2 1 0
13.0 8.4 11
13.0 6.4 9
13.0 6.6 11
13.0 6.6 9
13.0 6.4 11
13.0 8.0 1 0
13.0 8.0 11
13.0 9.0 1 0
13.0 8.0 11
13.0 8.0 1 0
13.0 7.2 II
13.0 7.6 1 0

13.0
15.0
15.0
16.0
14.5
16.0
14.0
15.0
14.0
15.0
14.0
15.0
14.0
15.0
15.0
15.0
15.0
15.0
14.0
14.0
13.0
15.0
14.0
15.0
14.0
15.0
14.0
16.0
15.0
16.0
15.0
16.0
15.0
17.0
16.0

I O
1 0
1 0
'10
1 0
1 0
1 0
1 0
1 0

6,335.1 330 96.32 7.25 3.93 3.43
6,527.3 310 86.54 7.60 3.03 3.43
6.555.1 320 96.43 7.50 4.42 3.43
6.259.9 320 96.43 6.00 4.9, 3.43
6.815.2 330 95.32 7.50 4.67 3.43
7.W6.8 325 86.37 6.00 4.9, 3.57
7.069.2 320 98.43 7.50 4.67 3.57
7.252.5 305 85.58 7.50 4.81 3.43
7,3,3.5 325 86.37 7.25 4.91 3.43
7,582.7 305 96.59 7.75 4.91 3.43
7,563.3 320 96.43 7.50 4.01 3.43
7,742.4 320 96.57 7.75 5.16 3.43
7,603,s 325 ~96.37 7.50 5.15 3.43
7,867.5 305 96.59 7.50 5.40 3.43
8.083.9 320 86.57 7.50 5.16 3.43
6;183.4 315 96.45 7.50 4.81 3.43
8,206.6 310 86.54 7.50 4.81 3.43
61216.5 315 96.46 7.50 4.17 3.43
6i270.3 310 95.54 7.50 3.93 3.43
6,431.O 310 96.67 7.25 4.42 3.43
6.491.4 325 86.51 7.50 4.67 3.43
8.675.1 320 96.43 6.00 4.8, 3.43
8.735.6 310 96.54 7.50 5.16 3.43
6.841.2 305 96.59 7.75 4.42 3.43
‘l.695.0 330 96.32 7.50 4.67 3.43
8.016.5 315 96.46 7.75 4.42 3.43
9.091.1 330 96.32 7.50 4.67 3.43
9,148.l 330 96.32 7.50 4.42 3.43
9.194.2 330 96.32 7.50 4.67 3.43
9,364.g 315 96.46 7.50 4.42 3.43
9.425.6 320 96.43 7.50 4.42 3.43
9,624.g 310 96.54 7.50 5.40 3.43
8,663.6 315 86.46 7.50 4.42 3.43
9,734.0 290 96.75 7.25 4.91 3.43
9,790.O 335 95.27 7.25 5.40 3.43

6.W
6.W
6.W
6.00
6.W
6.00
8.00
6.00
6.00
6.00
6.00
6 . 0 0
6.00
6.00

32.91
32.97
32.91
32.97
32.91
34.24
34.24
32.Si
32.91
32.8;
32.9i
32.Si
32.81
32.91
32.8i
32.9;
32.8i
32%
32.0;
32.81
32.9i
32.9i
32.91
32.Bi
32.9;
32,s
32.9i
32.8i
32.9i
32.9i
32.93
32.9i
32.9;
32%
32.91loll 5/19/87 13:oo 644.50 (88  23.0 11.0

Tue  5/20/97 7:30 663.00 162 24.0 12.0 11.0 12.0 12.0 7.8 1 2 17.0 5 1 0 6.00 9.976.1 260 96.66 7.75 5.69 3.17 30.4:

-

9:iTg
Jii’
7.5
8.0
8.0

85 25.0 9.0
75 27.0 10.0
61 25.0 9.5
75 2710 10.0
82 25.0 8.5
79 26.0 10.0
81 25.0 10.0
60 27.0 10.0
81 26.0 10.0
78 27.0 10.5
84 26.0 10.5
62 26.0 11.0
84 28.0 10.5
78 26.0 10.0
71 26.0 10.0
70 26.0 6.5
79 26.0 6.0
80 26.0 9.0
83 24.0 9.5
80 27.0 10.0
62 25.0 10.5
63 26.0 9.0
84 26.0 9.5
83 28.0 9.0
66 24.0 8.5
82 26.0 8.0
83 24.0 9.5

83 25.0 9.0
81 24.0 11.0

13.0 7.6

VASE I
I

1 0
1 0
I O
I O
1 0
1 0
1 0
1 0
10
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
I O
1 0
1 0
1 0
1 0
I O
1 0

6.00
6.00
6.00
6.W
6.W
6.W
6.W
6.W
6.00
8.00
6.00
6.26
6.00
6.W
8.25
6.00
6.W
6.W
6.00
6.25
6.25

I
I 1.264.5  30
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ted 5,21,97  14:oo 593.50
ThU 5/22/97  730 911.00
Ihu 5/Z/97  13~00 915.50

Frl 5/23/97  5:OO 935.50
Frl  5/23/97  1430 942JXl
Sal 5124197  8:OO 959.50

sat 5/24/97  13:oo 954.50
Sun S/25/97  B:W 953.50
3m 5/25/97  13:ao 958.50
Man 5/25/97  EXIO l$m7.50
hn 5/25/97  13:30 1,013.00
TM 5/27/97  7:30 1,03l.oo
he 5/27/97  13100 1,035.50
Wed 5/25/97  5:00 1.055.50
iled  5/25/97  14:OO 1,051.50
Thu 5/29/97  7:30 1.079.60
lhu 5/29/97  13~00 1,054.50

Frl 5/30/97  7~30 1,103.00
Frl  5130197  13:OO 1,108.50
sat 5/31/97  5:oo 1,127.50

.¶a,  5/31/97  1300 1.132.50
sun 5/l/97  6ao 1.151.50
sun 5/l/97  13:oo 1.156.50
Mm 5/2/97  7:30 1.175.00
Mm 512m7  13:w 1.150.50
Tue  5/3/97  7:30 i.19e.w
Tue e/3/97  14~00 1.205.50
Wed E/4/97  7~30 1.223.00
Wed 5/4/97  13100 1.226.50
Thu e/5/97  ,7:30 !,,247.66
Thu tV5197  13~00 1.25250

Fd 5/5/97  7:30 1,271.OO
RI 5/5/97  13:OO 1.276.50

52 24.0 13.5 12.5
56 23.0 13.5 12.5
53 24.0 12.0 11.0
55 23.0 13.0 12.0
51 25.0 13.0 12.0
54 25.0 13.0 12.0
52 25.0 13.0 12.0
55 25.0 13.0 12.0
52 25.0 13.0 12.0
55 25.0 13.0 12.0
52 25.0 13.0 12.0
55 24.0 13.0 12.0
57 25.0 13.0 12.5
59 23.0 13.5 12.5
53 24.0 13.0 12.5
67 24.0 14.0 13.0
56 25.0 13.0 12.5
57 23.5 14.0 12.5
65 25.0 13.5 13.0
57 24.0 14.0 13.5
64 25.0 14.0 13.0
67 24.0 14.0 13.5
61 25.0 14.0 13.0
66 25.0 14.0 13.0
64 25.0 14.0 13.5
56 23.0 14.5 14.0
52 25.0 15.5 15.0
66 24.0 15.0 14.5
91 25.0 16.6 15.5
SE 23.0 17.0 15.0
53 26.9 te;o  T5.0
:68  23.0 17.0 E16.0
63 24.0 17.5 15.5
69 24.0 17.0 16.0

TABLEB-2
OPERATINGDATA
ZEEWEED-PHASEI

12.0 12.0 5.4 11 17.0 5 10
13.0 13.0 7.5 11 17.0 5 10
13.0 13.0 5.2 12 15.0 5 10
13.0 13.0 7.4 11 17.0 5 10
12.5 12.5 7.5 12 15.0 5 10
13.0 13.0 7.5 12 15.0 5 10
13.0 13.0 7.5 12 15.0 5 10
12.5 13.0 7.5 12 15.0 5 10
13.0 13.0 7.4 12 15.0 5 10
13.0 13.0 7.5 12 15.0 5 10
13.0 13.0 7.4 12 15.0 5 10
13.0 13.0 7.5 10 24.0 5 10
12.0 12.0 7.6 12 15.0 5 10
12.0 12.0 7.5 11 17.0 5 10
12.5 12.5 7.8 12 19.0 5 10
12.5 12.5 5.0 11 17.0 5 10
12.5 12.5 5.5 12 15.0 5 10
12.5 12.5 7.6 11 17.0 5 10
13.0 13.0 5.2 11 15.0 5 10
13.0 13.0 5.0 11 17.0 5 10
13.0 13.0 5.2 12 15.0 5 10
13.0 13.0 5.1 Ii 17.0 5 IO
13.0 13.0 7.5 11 15.0 5 10
13.0 13.0 5.0 ii 17.0 5 IO
13 13 5.4 13 19 5 10
13 13 7 11 15 5 IO
13 13 7.5 12 15 5 IO
14 14 7.5 11 15 5 10
14 14 6.4 12 19 5 10
13 13 e 11 15 5 IO

13.5 13.5 9.4 13 19 5 JO
13.5 13.5 7.5 11 16 5 10
13 13 6.2 12 20 5 10
14 14 7.8 12 19 5 10

5.00 10.032.1
5.00 ,0,217.1 1 :
6.W
5.00
5.00
6.00
5.00
5.00
5.00
6.00
6.00
5.00
5.00
5.00
5.00
5.00
5.00
6.00
5.00
6.00
5.00
5.00
6.00
5.00
5.00
5.00
5.00
5.w

5.00
5.00
6.00
6.00
6.00
5.00

-6
3

E o[ $i

~

1 ij g i g $1
320 95.43 7.75 5.14 3.17 30.43
310 95.54 7.25 5.53 3.17 30,43

10,252.9  325 95.37 7.50 5.53 3.43
10.355.8 305  95.59 7.75 5.59 3.43
10.424.3 325 95.37 7.50 5.39 3.43
10‘554.3 310 95.54 7.75 5.39 3.30
10.543.2  310 95.54 7.50 5.39 3.43
10.595.7  310 95.54 7.50 5.39 3,43
10.739.9 325 95.37 7.50 5.39 3,30
10.593.2 315 95.48 7.50 5.39 3.43
10.920.5  320 95.43 7.50 5.39 3.43
11.051.7  315 95,46 7.50 5.39 3.43
11,109.l  315 95.48 7.50 5.39 3.43
11.246.5  310 95.54 7.50 5.39 3.17
11.302.0 325 95.37 7.25 6.53 3.17
11.351.0  315 95.45 7.75 5.39 3.30
11.437.3 325 95.43 7.25 6.55 3.30
11.455.7 320 96.43 7.50 5.39 3.30
11,540.6 325 95.37 7.25 5.68 3.30
lli555.2 320 95.43 7.50 5.53 3.43
11.720.2 325 95.37 7.25 5.55 3.43
11.629.0 320 95.43 7.25 5.55 3.43
11.551.5 315 95.45 7.25 6.55 3.43
11,973.2  320 95.43 7.25 5.55 3.43
12.024.6  320 95.43 7.50 5.55 3.43
12101.2 310 85.54 7.75 5.55 3.43
12155.1 325 85.37 7.50 7.12 3.43
12337.4 305 95.59 7.75 7.51 3.43
12403.2 330 95.32 7.50 7.37 3.70
12561.1 320 96.43 9.W 5.10 3.70
12616.7 335 95.27 7.50 5.35 3.43
12713.8 315 ea.45 6.25 7.56 3.57
12755.4 320 95.43 7.50 5.35 3.57
12927.7 320 96.43 5.00 6.50 3.43
12970.3 325 95.55 7.25 6.35 3.70

32.97
32.97
32.97
31.70
32.97
32.97
31.70
32.97
32.97
32.97
32.97
30.43
30.43
31.70 I
31.70
31.70
31.70
32.97
32.97
32.97
32.97
32.97
32.97
32.97
32.97
32.97
35.51
35.51
32.97
34.24
34.24
32.97
35.51

sat 5/7/97 5:oo 1.285.50 52 24.0 16.5 16.0 13 13 7.5 12 15 5 10 5.00 13052.7 320 05.74 7.50 5.IO 3.43 32.97
Sal  5/7/97 13:oo 1,300.50 98 24.0 17.0 16.0 13 13 5.1 12 19 5 10 5.00 13105.4 325 95.56 7.75 6.35 3.43 32.97
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TABLE  6-2

Dale.5 Time
sun 6/E/97  6:o

SUI, e/6/97  13:o
Man  6mS7 79
Mm e/S/S7 1x3
Tue  B/10/97  7:3
rue E/10/97  133
Wed 6111197  7:3
fed  B/11/97  133
Thu  6/l2/97  7:3
Ihu  6/12/97  13%

Frl  6/13/97  7:3
Frl  6/X3/97  13~3
Sal B/14/97  73

Sal  6/14/97  l3:3
sun 6/15/S7  7:3
I””  e/15/97  13:3

1 , 3 4 3 . W
1,34S>W
1.367.00
1.373.00
1~,391;00
1.397.00
1.415.00
1.420.60
1.439.00
1.445.00
1.463.00
1.46S.W
1.467.W

OPEI
ZEEW

’ 2&O
~86 25.0
89 24.0
64 26.0
9 1 24.0
85 24.0
93 24.0
84 24.0

63 24.0
92 25.0
89 25.0
93 26.0
63 25.0

RP
‘El

I

LTINQ  DA
ED - PHAl

\Tl~
SE1

6 1 2 1 6 5
8.2 1 2 1 6 5 I 13201
7.9 13 20 5 10
6 I2 I6 5 1 0
5.1 1 3 20 5 I O
7.6 1 2 17 5 10
6 13 20 5 1 0

7.9 I2 18 5 1 0
6 I3 16 5 to

7.9 12 20 6 1 0
8 12 20 5 1 0
8 1 2 20 5 1 0

7.9 11 1 9 5 1 0
7.6 1 2 20 5 IO

6.W 13267.1 300 86.00 8.00 7.37 3.70 35.5
4.W 13315.7 325 94.66 7.75 7.66 3.70 35.5
4.00 13391.6 325 94.66 7.75 7.61 3.63 36.7;
4.00 13426.6 320 94.74 6.W 7.66 3.70 35.5
4.00 13564.9 320 94.74 7.75 7.66 3.70 35.5'
4.W 13601.9 325 94.66 6.00 7.66 3.70 35.5
4.W 13656.2 320 94.74 7.75 7.37 3.70 35.5

4.00 13716.3 320 94.74 7.75 7.37 3.17 30.4:
4.00 13734.7 315 94.51 7.75 7.37 3.17 30.4:
4.00 13756.6 320 94.74 7.75 7.37 3.17 30.4:
4.W 13606.7 320 94.74 7.50 7.56 3.43 32.9;
4.00 13657.8 320 94.74 7.50 7.66 3.17 30.4:

1.493.00  191 25.0 16.0 15.0 10 10 6 12 20 5 10 4.00 13669.8 320 94.74 7.50 7.65 2.64 25.31

Flux il Fllbale  flow/membrane 6rSa
Re~very-amounlollesdwalerwnvertedloIHlrale(produclwaler)
Recovery  -~anountolwelerproduced/(amounlolwalerproduced  + bleed rale)
R&overy a Permeele  AaleloDralnl(Permeste  RaleloDreln  + Bleed Rate)
EIaokwashVol=swespvol+ Fillreleexhausl
MembraneAreabaaedonOulerdlam-150Rs
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TABL,  m-9
OPERATINQ  OATA

ZEEWEED  P H A S E  ,I



TABLE B-3
OPERATINO  DATA

ZEEWEED  PHASE II

7.6
(I.4
8 . 0 ,.o

,.a
,.a
,,a
3,s
4.0
,o
1 . 0

8.0
8.0
8.0
7 . 6
8.5

1.0
1.0
1.0
I.0
,.a
l.0
I.0
4.0
I.0
I,0
1.0
I.0
l.0
1.0
l.0
,.a
4 . 0
1 . 0
1 . 0
2 . 6



r
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Appendix C. Laboratory Reports



Source Water DsG



June 30.1997

city  of McAuen

138067.AO.ZZ

RE: AnalydcakDaWfor  Civ  of McAllen
‘30 Laboratory Reference No. 5440  and 5590

Jii  GcisbusbfPHX

On June 3.1997. the CHZM  HILL  corvauis .4pplied  sciences Laborarory  received one
sample with a request  for analysis of sekmd  parameters.

The acdycical  resd~  and associated quaI& conuol  dara are enclosed Any unumal
dif&uIties  encocmered  during the analysis  of your  samples are discussed in tie case
i-nrmive.

Under CH2M  =L  policy. your samples will  be smed for 30 days after  repotig.  If you
have nor given us prior insuutions  for disposal. we will  conracr  you if any samples require
disposal as hazardous was=

The CH2M  ESILL  Applied Sciences Laboratory appreciates  your business and looks forward
co serving your analydcaI  needs again. If you should have any quesrions  concerning rhe
data or if ydu  need additional information,  please  call Ms. Karhy  McJCiniey  at (541) 758-
0235. extension 3 120.

Kelly  Ensor
Senior Admiaisuarive  AssistasX

Y I 752427  i
Fo:  NO. 91  752-0270
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CLlEPfr  SrLMPLE  CROSS-REFERENCE
I

CH2M  KILL Applied Science Labor;ltorp Reference No. 5440  md 55%

CVO Sampie  ID Client Sample ID Date Collected Time Coikaed- -

%001 Lake2 06ioZ1997 11:45
55900 1 Laket 3 D 6RU97 12: 16
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ClientfProjeaz Ciq  of MMrUIen

L &Jdmo  Tim-
All Ycepmncc  tirclis were.

Ix. &&&z

Lab  Reference iNo.:  %90

A.

B .

c

D.

E

F.

G.

.

Au accepmnce  aiced  wele ma

Blanks:
Au accepunce aircril  were ma

a?& S~~lectl:
AR accepmnce  tiretie WIXIS  met exCepr~for ~ichIoroe~edc  acid which had 5 spike
recovery of 64%.

.pm~~are  Recoveries
Au Ycpclnce  criteria were ma

Q&x
N o n e

In. &ggppution  Exceations:
N o n e

IV. I cerdfy  rhru this dau packqe  is in comptiance  witi &e CSIXLT  and  condidqts  agreed  u) by rhe
chm .ind CH2M  HILL.  bob  occhnicdly  and for compkeness. except  for the conditions detiled
shove. Release  of the dap.  conmined  in dxi.s hardcopy dam package ha been axhorized by tie
Labmmry  Manager  or designe%  as wihd by the foUowing signarm.

Prepared  byr

Reviewed by:
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CASENARRA’TIVE
FORWATION  POTENTIAL

Iv. ~enmion  Excmcion~:
N0l-E
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cAsENARIuTIvE
GE?i-ER.-U  CBEiwSTRY

Lab Reference Xoyo-  5.~0

Iv. &Q@xuion ExceDdm
None.

Repyed  by:
&&

Reviewed by: &&vu

7 ..
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CAsKNARRaTIvE
METALS

Lab RefeRnce  No..:  i4al

A .

8.

C.

D.

E

F.

G.

i-L

whmdon:
Au ~cspconc:  alceria  were  ma

ELmks
Au Yce~  aicelia  were  ma

&ikc Sam~lelzl:
All z?7xepQclc:  aicmia  were  ma

l-v. ~ncacion  Exceocio~ . .

Ny-=

V. I cerdfy  rhx dds dota pxkq’e  is in compiivur  witi rhr Ienns and conditions agreed m by the
c&clc and cz-n?4  HILL.. badl  ceci-micdy  and for complermess.  except for the ConditionS ‘demiled
above. Reiase  of tie dau  conuined ” rhis hydcopy dys PY~ has been authorized  by the
I;rbonrory  Mylgutr  or his designet. unverified  by dlc following sigaluc.

Prepared by:

Reviewed by:
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Corvallis  Applied Sciences Laboratory

Projsct  Name: Cii of McAllett  Pibl  Shrdy Dam Reel:  w3J97
PropaManager  PawidcAsogwa Lab IO: 54001

sampled  ay: M. salazar Report  Revision  No.:  0
Client Szmpk  ID: Lake2 Reported  By: HVN and  KDJ

SamPang  Dale: wa97 Reviewed By: M
sampang  lime: sea chain  of custody

Type: Grab
Matrix water
Bask:  As  received

Repomng Sample Date
AnaMe unit Rasldt  hualiflar Units Method Analyzed

clmn~
Alkalinity 1060

aicarbonare
WL EPA 310.1 Wl  l/97

1 0 6 0 mslL EPA 310.1 s/l l/97
Catconate 1 .o 1.0 U EPA 310.1 Wl  l/97
Bromide 0.03 0.9 E?A 300 6/2Ol97
Chbrida 2s 2o.l WL EPA 300 WW97
Ccbr  (ALPHA) npparWn 5 1 0 color units EPA1  102 WJ9i
c o l o r  w - 2 5 4 0.009 0.092 abslcm SM 5910 6/4/9i
PhmideFree 0.10 0.99 EPA 300 W449i
N - N i l e 0.10 0.10 U EPA300 w4i97
P-i-oral PhasponJs 0.05 0.05 U WL EPA3651 w?l97
Total Dissolved Solids 1 772 msrL EPA 160.1 w9l97
Sdfare 250 262 mg/L EPA 300 w5i47
TOC 0.50 3.9 wL EF’A415.112 W9l9i

Metals
Alumhum.  I C P 421 246 I@- EPA 200.7 qr w97
Barium. ICP 0.53 1 2 4 rsll EPA ZOO.7 WlW9?
Cablum. I C P  ’ 49.7 77.700 lw EPA200.7  WiW9Y'
Iron. ICP 17.8 171 PM- EPA 200.7 6/l&19?
Magneshm  ICP 2 9 2 27.900 lrsll EPA 200.7 Wl  W97
Manganese. ICP 0.8 j7.8 ve EPA 200.7 WlW97
P o t a s s i u m .  ICP 275 9.S90 lw EPA 200.7 6/1&w
Silicon. ICP 1 1 0 6.300 lJg/L EPA ZOO.7 Wlii97
Sodium. ICP 135 1a.000 WL EPA 200.7 Wl  w97
Strontium. ICP 9.4 2400 VW- E?A 200.7 Wlil97

U&&x  deteaed  at soedfied limits



:aivallis  Applied SCieflw Laboratory

‘kvfm  Demand  Test Resulk

Talcmm
Oateflima -lime

6J21197 1216 6696

aalarine
Meawed  Tempaature Reeidual

PH ccl (mqrLl-

7 . 8 25 0.30



Zorvallis Applied Scienc-  Laboratory

!3 1.  a
Project Name: CiIy of M&en Pilot Study

Project  Mamgar:  Panick  Asogwa
Sampled  By: 0. HafQ

Client  Sample IO:  Lake2  30
Sampling Oate:  &I21137
Sampling Time: 1216

Type: Glab
kWltCWa(ar
Basis: As Aeceived

oam  ReeO &fz33?
Lab to:  SssoOl

RePon  Retisim Na.: 0
Repam 9~:  OAH

RetiEwee  ay:
units:  $F

Repomno ssmple
naMe CAS# Limit R4sldt OUNfkf  Date  Analyzed

-UC Acids. 3.4  8251.8
hlamacatic  add 78-11-8 0.5 3.3 w24A7
mmoacetic  acid A-06-3 0.5 53 6l24fs7
imlaraacetic  ad 7343-6 0.5 1 5 2 w&i97
idllomacatic  acid 76-03-3 0.5 83 6iz497
romochiomacetic  add 558946-3 a.5 2 0 . 1 6mls7
&0maacstic  acid 631-64-t 05 1 8 . 6 6mi37

J-Oibmmaorapanaic  aad 600-05-5 115% SS

ihalDmetharres  - EF’A 5022
hlomfann 6746-j 0.5 35.3 w23B7
~madimlommemama 75-274 05 63.7 6i23i37
ibmmachlommethane 12648-i a.5 81.3 aws7
umofofm 75-252 0 5 34.3 6E337

2-Oichbmemaned4 lM6847-0 94% s.s
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June 27.1997

City of McAlleu

138067AOZ

RE: Analydcal  Dam for City of McAllea
CVO Lahommy  Refermce No. 5440  and 5590

On June 3,1997,  the CH2M  HlLL CormUii Applied Scimces  Laboratory received one
sample  with a request for analysis  of selected  parameten.

The anaIyticaI hsults  and associated quaIicy conuoi dam are enclosed. Any unusual
difIicuItics  encountered during the analysis  of your sampIes  are  dkcussed  in the case
narrative.

Under CHZM HILL.  policy, your samples will be stored for 30 days after sporting.  If you
have not given us prior insuuctions  for disposal. we wiil conmcr  you if any samples require
disposd  as hazardous waste.

The CH2M  HILL Applied Sciences Laboza~o~  appreciaus your business and looks forward
to sewing your analytical needs again. If you should have any questions concerning the tiara.
or if you need additional iafomafion.  please call Ms. Kathy McKinley  at (541) 7584235,
extension 3 120.

Kelly Eusor
Senior rkiministmive  Assisranr
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CLIENT  SlLlLE  CROSS-RJZFERENCE

CH2M  HILL  Applied  Science  Laboratory  Reference No. 5440  and 5590

CVO Sample ID Client Sample ID Date couected Time  Colkc&i~

544001 Lake2 ml91 11:45

559001 Lake2  3D 6/21/97 12:16

, .- ,.’

. .
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c.GENWTIvE
DBR

L

II. &g&&

A . m:
All acceptance  criPtia wet-2  mcL

B. Bhks
Ail  acccptanct  clitctia  were  meL

C.

AU  acceprance  czireria  were  meI except  for ticblomacedc  acid which had a spike
reco”ery  of 64%.

E. -I.?  Recove&s
All  accepmce  mimia wxe  met-

F . Lab
All acceptance criteria  were  met

G. Qtbrr-
N o n e

IV. I certify &at  this data package is in  c~mpliaace  witi  the  terms and conditions agreed to by the
client and CfI2M  HIU both  technicaIly  and for completeness, except for rhe  conditions ~demikd
above. R&ase of the  dam conrained  in Ibis  bardcopy  dam  pack;lge  has been autborizcd  by tbc
Labotatoty  Manager or designee.  as verikd  by the following signature.

Prepatd  by:

Reviewed by:

i-
.-. .
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(XsENrnTIvB
FORMATION POTENTIAL.

CUenUPmjectz  City ofMcAUen

L
Fonnadon  pomial  was set  up  16 days after  sample cokction.

IL

A.
All acccprance  criteria  were  l.l?cL

B. i?laab
All acceptance criteria were  met

c. pthrr:
The added precursor blank bad a recovery of 139%.

V. I cerdfy  that this dam  package is in compliance  with  dx - and conditions agreed to by the
client  and CH2M  Hill-  both  recbnically  and for complmness.  except  for the conditions derailed
above. Release of d.xe  dam  contied  in &is hardcopy dam  package has been authorized  by ‘the
Laboratory  Manager  or his designe  as verified by the  following signature.

Prepared by:

Reviewed by:

.,  . .

_.
. .
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crisENARRATlvE
GEiiCBEMISRY

Lab Reference No.: 940

Client/proj~  City  of M&llen

All acceptance criteria were met.

C.

F. Mhy:
Not applicable.

V. I certify ‘&at  this data package is in compliauce with tbe mms  and conditions agreed to by the
client and U-EM  HILL, both teclmicalIy  and for completemss,  except for the cmditiotL~  detaiIed
above. Release of the data conrained  in this  hardcopy data package has been authorized by the
Labqlarory  Manager or his designee, as verified by tbc following signature.

Prepared by:

Reviewed by:

-

. .
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ClieWPmjst  City of MeAUen

C.

E.

F. Laborarorv
All acceptance criteria were  met  except  Silicon which had a recovery of 131%.

6.
Not Required.

V. I certify that thii data package is in compliicc  wifh  k  terms and conditions agned  to by rhe
climr  and  CHZM  HIJL. both technically and for  complnmes~,  exceptfor  the  conditions d~emiled
above. R&se  of the data containedin  this hardcopy  dam package has  been  amhorized  by the
Laborvory  Manager or his designer.  a verified by tie following signature.

E’qared  by:

Reviewedby:

,
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:orvallis  Applied Sciences Laboratory

bbJ-
Pmject  Name:  City of Wllen  Pilot  Study Oam  Rec’d:  6/3/97

Pmiect  Manager.  Patek Asogwa Lab 10:  s44001
3ampledBy:M.salazar Rep-art  Revision No.: 0

clknt sample  ID: Lake2 Recmted  By: HVN and  KOJ
samplffDate:M Reviewed  By:
smpling  l-ii: see chain of custcdy

Type  Grab
Matdz water
SasiszAsreceiwd

Rsporn  sample oate

!!!s!?s Lfmit Reaull auallfk U&S Method Aadyzed

zhemisay
&alinity 1 0 6 0 msn. EPA 310.1 ml/97
lkarbonate la60 msll EPA 310.1 Wllf97
kbonate 1.0 1.0 U m& EPA 310.1 6/l ll97
lromide 0.03 034 me EPA300 &m/97
:hloride 260 2 0 1 mqR E P A 3 0 0  6B97
rdor (APHA)  Apparent 5 1 0 color  unb  EPA‘1702 w‘lm7
mar w-254 0.009 01)92 ab!em SM 5910 6w97
luoride-free 0.10 0.99 EPA 300 6bw97
I- 0.70 0.10 U 2 EPA300 wfa7
‘-Total Phospotus 0.05 0.05 U EPA  366.1 6/9i97
‘otal  Dissolved  Solids 1 zm EPA 160.1 w9f97
;ukte 2M 262 m4n. EPA300  6W97
DC 0.60 3.9 me EPA 415.1/2 6M97

MZIS
Juminum.  ICP 421 2 4 6 w EPA ZOO.7 w16J97
Ialum. ICP 0.53 124 IJon EPA ZSJ.7 M 6/97
kk2lum,IcP * 49.1 T7.700 I@- EPA 200.7 6116!¶7
on. ICP 17.6 17l I& EPA 200.7 lYw97
dagnesium.  ICP 262 27.900 IQQ- EPA 200.7 w16/97

danganese,,lCP 0.6 17.6 wn EPA 200.7 lYw97
‘otassiwn,  ICP 2 7 6 9560 WL EPA 200.7 1Y16/97
iiiicon. ICP 1 1 0 6.300 !Jp/L EPA 200.7 WI  7l97
iodium,  ICP 1 3 6 140,000 I@- EPA 200.7 w&97
ihondum.  ICP 9.4 24m IN- EPA 200.7 ‘Yl7l97

I=Not dewned  at specified reporting limits



MwsUred chl0rh?
Tslce-ott Messured  rempanture Residual
-0 Contact  rime pH pZ) (mu _

em/97  1236 66m 7.8 25 0.30



:arvallii Applied Sciences LabOf’atory
-

!a’ I
Pfc+sctName:alyafMcl\uanpAatsludy QaeRecu&z?.e7

Project  Manager:  Panick  Asqwa L3blo:S59OO1
sampredsy:  D.Hady Repon  Revision No.: 0

aimsmpleID:  Lalce23Q Repomd  By OAH
samp4q Dam u2lA7 ReviewedBy:
sampung  l-ma: 1216 Unitsp3fL

Type:GlXb
Manix Waler
Basis:AsReceiv& -

m CA?.* F -pieResun aualllier  mb3Almp3d-

ithC@kA&S-SW62515
Uoroacetlcadd 79-11.8 05 32 6mlm
umoamtkadd 79-06-3 0 5 5.3 624m
hloroacatlc  add 7343-6 0 5 152 &24/9T
icb!amawlic  add 75-03-g 0 5 82 6t24/97
umocldoroacekadd 5589-963 0.6 20.1 6mm
bmmoacatc  add 631-64-l 0.6 18.6 6/24m

342lbmmopmpanoic  add WO-054 11.5% ss

mal0methz.m~  -EPA 502.2
1l0lufonn 67-E-3 OS 3 6 . 3 ww97
omadichlofomedtane 75274 OS b3.7 Q23497
bmmochfommethaw 124-w-l 0 5 8 1 . 3 6E3Q7
w-oofoml 75-25-2 0 5 3 4 . 3 6e397

Z-QiiOroeman~ 17oEa-07-0 94% ss

kSumgate stimdad
:Nol detected ai  $ec&d  reporting limits



Chl&ine  D - d  T e s t  Rt%Wk

Takeon
Dam-mm contsd  Time

a537  93 6634

- chlorine

- Tempersaae Residual
pH YC) (mg/L) -

7 . 6 23 1.12

r

:.



chlorine  D - d  Ted Rerults

Take&l
Dawnma CaMlIme

S5/9714:40 7lz29

chhine
n- TempenhM R@dd

pH (Yz) @-sll)

7 .7 23 1.72

U-dot  detected  at specified repordng  limik
~ .~ . . . . . . .

:_
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:owallis  Applied Sciencee  Laboratory

APP-41



This
hvallis Applied Sciences Labarstoty

~Po~O  sample
M CASC umn  fmn-~aba~

-Acids-shfa?s1.6
-add 79-11-8 OS 7.9 w&i97
-add n-OS-3 0.5 ai amm
bYlb-acid 7943-5 0.5 28.4 6mws7
-acid 7603-9 0.5 15.3 5f24m
-add 5529-963 05 34.4 am/97

lb-add 631-64- l 0.5 26.3 w24/97

~MlbMmcqJroparoicadd  Eco-054 134% 5s

ifh--PA5022
Morofcrm 5745-3 0.5 4 5 2 w9m
-mmemane 75274 0.5 399 mls7

lbrwnochlorom~ 124-481 0.5 130 E aem
ro- 7?kz-2 0.55 u.7 6i?m7

2-Diikucdlaned4 17os2-o7~ 9 0 % 5s

:.



Corvallis  Applied Sciences Laboratory

cl’  ‘1’
PlUjStName:  CityOfMCAM OadeRU?dZWS97

Pmjectlemagec  JimoeishtsNpHx LabID:

sampledBy:O.+-W RefJO!tR-NCLO
Client  sample  ID: PEEDWATEFI  30 Rqmmd  By: OAH
-v-¶Date:- Reviewed  Ey
sampang  l-ii 938 UtlikZpgL

TypezGmb
Mawc water
szsis  As Received

m CASt YEiF z::’ QualIner  Date Analped

HafcEmticAeids -sM62518
-acid 79-114’~  OS’  a,  5.5 al@97
Emmoacellcacid ?9-c63 0.5 a 6 Mlm7
-acid 79-43-6 0.5 2 9 . 1 Mm7
TddllclmwnC  acid 76-03-9 0.5 13.9 MO!97
Ercmochlcrwceticaeid eE39s-3 0 . 5 3 9 . 6 am37
-acid 631-64-l 05 30.5 Mom

Q-Oibrwnopmpandc a c i d  WWS-5 194% ss

T--EPA5022
chlclulcml 676-3 0.5 462 6!sm7
E-romethalm 75.274 0 . 5 6 9 . 6 6!%/97

124-42-1 05 730 E CmB7
Emmofclm 75-E-2 0 . 5 6 7 . 7 al97

1acidllame- 17OSB47-0 90% ss

: .-

:,



:orvallis Applied Sciences  laboratory

Repomns  umpb
nalyh OAsli umn b3dt QuaIItIer  oateAlmIyz+

-Acids-SM62Sl.B
hlomamlicaeid 79-11-6 0.6 6.6 &2‘ll97
romoacatlca 79.064 05 10.7 .” 6mls7
lchlwoaceticaeid 7943.6 0.6 36.3 &m/97
ichbmacetic  acid 76-03-9 0.6 13.3 wz‘ll37
mmcchb-  acid !36sI6-3 0.6 41.6 52a97
b- sdd 631-64-l 0.6 34.3 6l24f97

3-oibromapmpanoIcadd  6oGo6-6 12??A 66

ihalomemanas-EPA=
hbmbrm 67.664 0.6 a3 6ms7
-rwnethane 76-274 05 893 6l9m
lllImdaoromemane
LJrmbm

12446-l 0 5 124 E wsm
75-26-2 0.6 64.6 sQs7

Z-DkwB 17066-07-0 !E% .ss

‘-

i_.
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ConraIlis npplied Sciences Laboratory

!i&acMcAcids-.SMWlB
chlaoacetkacid 79-11-9 05 6.4 6flaQ7
Bmacld 7wm-3 OS 9.4 Mol97
Dlcbhd arid 7943-6 OS 30.3 Ma97
TricMomacaUeacid 76-cc-s OS a2 slloB7
B- acid 0.5 41.4 wlw
Dib- acid 631-64-l 0.5 34.9 Mols7

23-0ibmmopmpafiuicacid  6ooo5-5 107% .66

7-rihalomemanes-EPA5022
allomhYml 67-s-3 OS 46.3 6fsm
Bml-wdictdo-e 76-274 OS 69.3 6%37
Dlbmmcctdaraemane 724-48-l 05 124 E 619197
Bmmofoml 7!%25-2 O S 64.8 6f?s37

laoiiEd4 17W2-07-0 939G 69

i

EExceeded  instummt calibration range
ss-Surrogiue stqdard
UsNot detecled  at specad  reLmnr!g  limits
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iorvsllis  Applied Sciences Laboratory

m C&5* T -‘*Result aualnier DeteAnely2ed

aloace(fcAcids-sM6251.8
lloroacatlc  a6d 7311-3 0.5 9.3 w&37
cmo=xlkadd 79-03-3 0.3 122 smf97
de-add 7943-3 0.9 243 6mi97
-licsdd 76-03-9 0.5 16.4 6&x&7
- a c i d 0.9 34.1 6/24/m
bmmoambc  .a& 93564-l 05 293 ol24m

3-00rormpropanoicacid  6coa-s 104% 33

--EPA5022
lkmlcm 97665 0.5 39s 6ms7
rmocrch- 7?x?74 0.5 i7.4 619197

12443-1 0.5 113 E &9l37
- 752!5-2 0.5 W.l 6w97

wJiimaned4 17003-07-O 99% 3.9
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Cowallis Applied Sciences Laboratory

clle-a Law’
~rojecc~ame: av0fh4cmm Dam Rece ww67

Prqect  Manager: Jim  Geiix LabID:5467u3
Sampled  Sv: 0. Hardy Repan  Revision  No.: 0

aiinl sample ID:  ZEEWEB)  30 Rep0rmd  By:  OAH
6empling Data  6ml7 Reviewed8y:
-htpmgTm14:47 unib:w-

Type:  Gmb
Mabbc  water
SeskAsRm

Rapatiw sample
analvte CASI Limit Reeutt awaulier Date Analy2ed

Flaloacadlcm-SMbz51.S
obl~acid 7911% 0.5 7 . 4 wla97
Bmmmcaacacid 7946% 0 . 5 x3.a wlat97
-aold 7943% 0.5 25.8 W10141
~richloroacatic  add 76.03% 05 124 WlllS7
komodlomacathacid  SgSg-gE3 0.5 3 6 . 4 WlW97
Dibromoaceb ‘c add 63564-l 0 .5 3 1 2 Wlols7

z?-o~romapmpanolceLid  6oo-o5-5 104% ss

TrihabzmemaneS  - EPA  SOZ?
adomlofm 67e-3 0 5 38.9 6m97
sivm~mnleulane 75274 0 . 6 7 7 . 4 &9iw
De 12448-1 0 . 5 133 E w9B7
smmofoml 75-25-Z 0 . 5 6 0 . 1 5w97

1.2-olchloroemane-d4 17oao7a 9 5 % 66
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1) CH2MHILL

July 23, 1997

.City  of McAllcn

138067.AO.ZZ

RE: Analytical Data for City of McAllen
CVO Laboratory Reference No. 5700

J i i  Ge.isbush/PHX

On July 8.1997. the CH2M  HILL CorvalJis  Applied Sciences Laboratory received thre-e
samples with  a request for analysis of selected parameters.

The analykal  resulti  and associated qualiv con~ol  data are enclosed Any unusual
difkulties cncoomered  during the analysis of your samples are discussed in dte case
narrative.

Under CH2M  HZL  policy, your samples wiJl  be stored for 30 days after reporting. If you
have not given us prior insmtctions  for disposal, we will contact you if any samples  require
disposal as hazardous wasfe.

The CH2M  HILL Applied Sciences Labotatory apprdaa  your busimss and looks forward
to seming y&r  analytical needs again. If you should have any questions concerning the
data, or if yen need additional infommion,  please caH  Ms. Kathy McKinley at (541) 758..
0235, extension 3120.

Since&,

Kelly Ensor
Senior Adminisuadve  Assistant
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CLIENT SAMPLE CROSS-REFERENCE

CIiZM  HILL Applied Science Laboratory Reference No.  5700

CVO Sample ID Client Sample ID Date Collected Time Coliected

SW01 Zeeweed  Feedwater 07/07/1997
570002 zceweed PelTmaE 07/07/1997
570003 Memcor  Filnate 07/07/1997
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CASENARRATIVE
GENERAL  CHEMISTRY

Lab Reference No.: 5700

Client/Project:  City of WAllen

I. Holdine T5me:
Au accepomce  criteria were l7le.L

II. Diwsdon  Excemio~
N0l-E

A. Salibration:
An accepwnce criteria  were met

B. llkaks
AII  acceptance criteria were  met except for Total Pbospoms  wbicb had a blank result
of 0.06 mg/L.

E. Lab camrcJ1  Samole(sl:
Lab cormul for Total Phospoms  did not meet acceptance aiteria All other lab
control acceptance aimia were met

F. Qt=&
Nut q@icable.

N. Docomentadm  Exceotions:
None:

V. I +fy hat  dtis~data  package is in compliance with the tams and conditions agreed to by the
client and CHZM  HILL. both technicalIy  and for completene.ss, except for fhe wnditiot~~ detailed
above. Release of the data contained in this bardcqy data padcage has been authorized by the
Labcmory  Manager or his d&gee,  as  verified by the following signamre.

.C
Reviewed by: *rco

3
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Corvallis  Applied Sciences Laboratory 1
-

Lab-
Project Name: Cii of McAllen P i l o t  S t u d y Date Rec’d: 07/08/97

Ptojecl Manager  Rosie  villarleal LabID:nOOOl

Sampled By: R. Villareal Report  Revision No.: 0
Client Sample ID: Zeeweed  Feedwater Reported By: H V N

Sampling Date: 07/07/97 Rev iewed  By :
S a m p l i n g  l i m e : Not provided

Type: Grab
Matlix:  water

Project Name: Cii of McAllen P i l o t  S t u d y
Ptoject  Manager  Rosie  Marreal

Sampled By: R. Villareal
Client Sample ID: Zeeweed  Feedwater

Sampling Date: 07/07/97

Date Rec’d: 07/08/97
LabID:nOOOl

Repon  Revision No.: 0

Matlix:  water
Basis: As  received

AnaMe

Chemistry
N-NCWN02
TKN

R e p o r t i n g BarnpIe D a t e
Limit ReSUU Q u a l i f i e r Units M e t h o d Analwed

0 . 0 1 0.02 EPA 3 5 3 . 2 ,7iBl97
2 70.9 EPA 3 5 1 . 4 7lw97

P-Total  PhosporusP-Total  Phosporus
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Zorvallis  Applied Sciences Laboratory -
-

Project Name: City  of McAllen  Pilot Shady Date  Rec’d:  07/08197
Project Manager: Rosie  Villaneal Lab  ID: 570002

Sampled By: R. Viilarreaf Repan  Revision No.: 0
Client Sample ID: Zeeweed  Permeate Reported  By: HVN

Sampling Date: 07/07/97 Rev iewed  By :
Sampling Time: Not provided 9

K

Type: Grab
Math: Water
Basis: As received -

R e p o r t i n g Sample D a t e
Lnal  e Limit kdt Qua!ifier UtlftS M e t h o d Analyzed

Fhemktly
I-NOW402 0 . 0 1 0.84 mg/L EPA 3532 7/8/97
K N 5 1 1 . 0 mg/L EPA 351.4 7twi97
‘-Total Phospolus 0 . 5 0 212 EPA 365.1 7ml97
‘OC 1.0 6.6 2: EPA 415.112  7/11/97
alor  (ALPHA) Apparent 5 22 mg/L EPA 110.2 7lW97

I=Not  detected af  specified reporting limits
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Zorvallis  Applied Sciences Laboratory

Project  Name: Cii  of McAllen  Pibt Study Date Rec’d:  07108l97
Project Manage:  R&e Warreal Iah  ID: 570003

sampled By:  R. villaneal Repon  Aevisbn  No.: 0
Client Sample ID: Memcor  Firnate Reported  By: HVN

sampling  Date: 07m7m7 Rev iewed  By :
San@-nq  Time:  Not provided P--

Type: Grab
Matrix: Water
Basis: As received

R e p o r t i n g Sample D a t e
.nalyte Llmn w4t Qualifier U n i t s M e t h o d Analyzed

rhemistry
oc 1 . 0 5.3 mgR E P A  415.112 7/11197
abr (ALPHA) Apparent 5 1 0 mg/L EPA 110.2 7/8/97
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CLIENT SAMPLE ID
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a CH2MHILL

July 17.1997

City of McAllen

138067.AO.ZZ

RE: Analydcal  Data for City of McAllen
CVO Labotatory  Reference No. 5664

Jim GeisbuslVPHX

On July 1,1997,  the CH2M  HILL Corvallis  Applied Sciences Laboratory received three
sampies  with  a nquest  for analysis of selected pammeters.

The analy-tiwl  results and associated quality conuol data are mclos~L  Any tmusual
difEculties encountered dming the analysis of your samples are discussed in the case
nacradve.

Under CFTZM  HlLL policy, your samples will be stored for 30 days afm reporting. If you
have not given us prior irlsmmions  for disposal, we WiJl  contact you if any samples require
disposal as hazardous waste.

The CH2M  HILL  Applied Sciences Laboratory  appreciarzs  your bt?siness and looks forward
to saving ypllr analytical needs again If you should have any questions concerning the
data, .or  if you need additional informaxion, please call Ms. Kathy McKinley at (541) 758-
0235, extension 3120.

Kelly Ensor
Senior Adminisuativc  Assistant

Enclosures
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CASE NARRATIVE
GENERALCHEMISTRY

Lab Reference No.: 5664

ClientfProjed:  City of McAllen

L &klbw  lime:
Au accepmcc criteria were  ma

IL DisXSdO”  EXCeDtiOns:
None

III. Analw5&y

A. Calibration:
All accepcince  criteria  were  meL

B. Blanks:
AU accqxance ulmia were met

C .

D.

ME. Lab Conuol %DlDkfSZ:
Ail accepmnce  titeria  were met

F. other.
Nor applicable.

TV. Lk3cumentarion  Exceudong
NOllCL

V. IcertifyBat~datapadrageisincanpliancewi~~hetermsandconditionsagreedtoby~
dieN  and CHZM  HILL, both teclmicalIy and for completeness, except for the conditions derailed
above. Release of the dam  contained in this hardcopy data package has been  authorked by the
Labcpmy  Manager or his designee, as verified  by the foIIowing  slgnamre.

Prepared by:

Reviewed by:

Q
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CLIENT SAMPLE CROSS-REFEREkE

CH2M  HILL Applied Science Laboratory Reference No. 5664

CVO Sample ID Client Sample ID Date Colkcted Time Collectt-

566401 Zeeweed  Feedwater
566402 Zaweed  Permeate
566403 Memcor Film

06/30/1997 lo:42
06/30/1997 lo:42
06BOi1997 lo:42
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I ~~~~~~  ~~~Corvallis  Applied Sciences Laboratory

!ALlm

II

Pmiect  Name: Cii of McAllen Pilot  Study 0s
2mlatm
de R&d:  07lO1197

Pm& Manager: R&e  Warreal
l/I

Lab ID: 566401
Sampled ey:  R. villamal Repm  Revision No.: 0

Client Sample ID: Zeeweed  Feedwater Reported  By: HVN
Sampling  Date: OS/30/97 Reviewed By:
Sampling Tme:  lo:42 P

Type: Grab
Mafrix: water .
Basis: As received

Analyze
Reporting Sample Date

Limit Resull  Q u a l i f i e r Units Method An&y?-Ed 1
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Corvallis Applied Sciences Laboratory
-

Lahl.
Proied  Name: Cii ot MeAllen  Pilot  Study Date Red&  07mlf97

Projw  Manager Rosie  Vilhrreal Lab ID: 569402
sampled ey:  Ft. vGlalTeal Repon  Revision No.: 0

Client Sample ID: Zeeweed  Permeate R e p o r t e d  B y :  H V N
SampGng  Date: 09/30/97 Rev iewed  By :
samplii  lime: lo:42 ?-

T y p e :  G r a b
Maei~  Water
Basis: As reoeived -

Repcwng Sample D a t e
Anatyle Limtt R e s u l t Qualttler Ullits M e t h o d Anrlyred

chemistry
N-N03/N02 0 . 0 1 0 . 0 1 w EPA 353.2 7lw?7
TKN 20 20.0 EPA 351.4 7/l 497
P-Total Phospaus 0 . 0 5 0.34 Fig EPA 365.1 m/97
TOC 1 . 0 7 . 0 EPA 415.1/2  711V97
Color  (ALPHA) Apparent 5 1 5 EPA 110.2 7/l I97

APP-60



Zorvallis  Applied Sciences Laboratory -

GIie’I’ tiQn
Pm&t  Name: City of McAllen  Pilot  Study Date Rec’d:  07/01/97

Project  Manager Fiosie  Villareal Lab ID: 566403
Sampled By: R. Villareal Report Revlalon  No.: 0

Client Sample ID: Memcor  Filtrate R e p o r t e d  B y :  H V N
Sampling Date: O&30/97 Rev iewed  By :
Sampling iime:  IO:42

T y p e :  G r a b
Mate water
B a s i s :  A s  r e c e i v e d

R e p o r t i n g Sample D a t e
ma e Limit Resutt OuaIiier Units M e t h o d Analyzed

a?nlistly
I-NO3iN02 0 . 1 0 2 7 1 mslL EPA 353.2 7/l/97
U N 20 32 m4n EPA 351.4 7mt97
‘-Total  Phospms 0.05 0.17 EPA 366.1 7/l/97
‘OC 1 . 0 6 . 1 z EPA415112 7llli97
kdor  (ALPHA) Apparent 5 13 WL EPA 110.2 7/l/97
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B
L

CH2MHILL

City of McALlen

Subject Acknowledgment of sample  sot 5748.

This letter is to acknowledge the receipt of your sample set on 7/B/97.  It has been
assigned laboratoxy  number 5748. Please refer to the laboratory nomber  if you need to
inquire about this sample m I have attached a copy of the chain of custody form to
provide additional infonnafi~n.

lhre  were no problems noted with tbe receipt of your samples.

If you need a&stance,  please feel fret  to caU  54V758-0235  extension 3 117.

Sincerely,
cH2MHlLL

Jmi Mat&k

. Attachmptt
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3 C#42MHILL

City of McAllen

Subjen:  Acbowledgment  of sample set 5700.

Jkar Jii Geisbush/PHX:

This  letter is m achowledge  the receipt  of your sample set on 7/%97. It has been
assigned laboramry number 5700. Please refer m the laboramry  number if you need m
inquire  about  this sample set I have attached a copy of the chain of cusmdy form m
provide additional information.

Then  were no problems noted with the receipt of you samples.

If you need atsimnce,  please feel free m call 54W58-0235  extension  3 117.

Sinwely,
CH2MHlLL

Jeni  Mauick

Attachment
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-a CH2MHILL

July 4, 1997

Civ  of McAllen

138067.AO.ZZ

RE: Analytical Data  for City of McAllen
CVO Laboratory Reference No. 5597

Jim Geisbush/PHX

On June 23,1997,  the CH2M  HILL CorvaUis  Applied Sciences Laboratory received three
samples with a request for analysis of selected parameters.

The analytical resnlts and associated quality control data are  enclosed. Any omsual
difiicnlties  encountered during the analysis of your samples are discussed in the case
nanativc.

Under CH2M  HILL policy, you samples wiJl  be stored for 30 days after reporting. If you
have not given us prior insmmions  for disposal, we wiJl contm  you if any samples require
disposal as hazardous wasre.

The CH2M  HILL Applied Sciences Laboratory apprecktes your business and looks forward
to serving yoor analytical needs again. Jf you should have any questions conceming the
dae, or if you need addirional  inforrnado~,  please call Ms. Kathy McKinley at (541) 758-
0235, extension 3120.

Sincerelyi

Kelly Ensor
Senior Adminisnative  Assistant
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CLIENT SAMFLE CROSS-REFERENCE

CHZM HILL Applied Science Laboratory Reference No. 5597

CVO Sample ID client Sample ID Date Collected Time collected

5 5 9 7 0 1 ZeeweedFeedw~ 06no/1997 823
559702 zeeweed Permeate 0612OI1997 823
559703 Memcor Filtrate 06/20/1997 823
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Lab Reference No.: S5597

I. Holdine Time:
Holding time for color was exceeded When the Sim@e  was rcccivcd AlI other acceptance
criteria were  met

II.  Lxeestion  Exctions:
NOIX

A.

B.

C .

D.

E.

F .

Cd1htiOll:
All acceptance criteria were met

An acceptance  elitaia were met

Matli% suike s~lefs~:
Matrix spike for TKN  was lost due to sample dilution. All other matrix spike
aceptauce  criteria were met

Dldicate  Semule(sl:
All acceplanee  eritelia  were met

Lab conuol  SaIlluldsl:
All accept;mce  miteria  were  met except for TKN.

other:
Not applicable.

N . Documentation:
None.

prcparrdby:
Reviewed by:

. .
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Corvallis Applied Sciences Laboratory I

Client Information
Prpj& Name: City of t&Allen Pilot Study

Project  Manager  Rosie  Villareal
Sampled By: R. Villan’eal

Cliit  ?ampie  IO: Zeeweed  Feedwater
sampling late:  o6lzolg7
Sampling  lime: 823

Type: Grab
Mamx water
Basis: As received

Lab Information
Date  Reed:  06/23/97

Lab  ID: 559701
Repolt  Revision No.: 0

Reported  By: HVN
Reviewed  By:

%-

Analyte
Reporting Sample Date

Limit Result Qualifier Units Method AnEdyXd

chemiaay
NN03iN02“~
TKN
P-~&l  Phwporus

‘0.01 0.58
4 28.8

0.50 4.76

mti EPA 3532 a2797

m* EPA 351.4 e/30/97

msll EPA 365.1 7/l/97

U=Not detected at specified  reporting  limits
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Corvallis  Applied Sciences Laboratory : - -11

Cll of MCNlm  Pilot  StUdY Date R&Z  06i239.7

Sampled 8y: R Wh?&
aiem sample  ID: zeeweed  Permeate

sampling  Date: 06120/97
SampIImg  lime: 823

Type: Grab
Maeir.  water
Elzlcie.  *c km-Piy&

lab ID: 559702
Report Revision  No.: 0

Reporled  By: l-Iv?4
Reviewed By:

womng sample Date
UrnIt RWtJlt oua1Ifier UflitS Method Analyzed

I,~

0.10 132 mti EPA 3532 8l27l97
4 4 u m@- EPA351.4 6130197

0.05 0.55 m& EPA 365.1 7im7
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Corvallis  Applied Sciences Laboratory . . -

Client lnfwmtion
pmjedName:cityOfMcAuen

ProjectMaMger:  Rosievioaneal
Samp(edBy:R.-

samplllg  Date: si2w7

sampling  Time: 823
Type: Grab

Mate  water
Basis:  As  received

Lab Information
hb0tXkn-y  ID: ICROROOl

Date Rec’d:  SKY97
AnalyeA  Mettle  Em 1102

Date Amalyzd:  6!24/97
Report Revision  No.: 0

Repodd By: WN
Re-bwed  By: g/F-L

Client  sample  ID

Memcor Filbate

Lab
Sample ID

554703

m=fm color (ALPHA) Apparent
Limit RESlJlt UdtS

5 20 00lor  Units

u=Not  detected a specmd detedh  I l l

” -
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Corvallis Applied Sciences Laboratory

CIient  Information
Project  Name: City of McAllen

Project Manager P.osie villalleal
Sampled By R ‘Jilkeal

Sampling Date: 6/20/97
Sampling Trne: 823

Type: Grab
h4atrk  Water
Ball: As received

Lab Information
Laboratory ID: ICROROOl

Date R&d: 5li2%7
Adytlwl  Method:  SM5310.D

Date Analyzed:  5i25K47
Report RA1sion  No.: 0

Report4  By: G. Collins
Reviled By L&

units: mgll.

I \

lab Reporting TDCwater Percent
Client  Sample ID S a m p l e  I D  PH Limit Replicate 1 Replicata  2  A v e n g e RPD

Memmr mate 659703 e 0.60 6.6 6.8 6.8 0.0

&Not detected at speci%d  dete@cm  limits





.

MONTHLY BILLING SUMMARY_

Applied Sciences Laboratory
CH2MHIU. Corvailis.  O r e g o n

2300  NW wamrJt Bhe. carv;ulis.  OR w?s&WB
P-0.  Box  428. conaui+.  OR 9-
541 ?Q4.?71
.=a7547 N-a276

Cii of McAllen

Project Manager: Jim GeisbushmHX klwJice  Date  o&m/97
Invoice No. A97-1165

Customer Number G-EM Hill Rep.
136067AO.Z Ginger Collins

Page 1 of 1

Billing Period Reference No.
7l9l97 5 5 9 7

II

(W/S  IS NOTA  E/U - DO NOT SUBMIT PAYMW TOTAL AMOUNT: $250.00

Our records  indicate that the above tests were requested during the
current billing period. Please notSy  the laboratory listed  at-we if there are
any discrepancies.

-,
- PROJECT COPY -
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.9 CH2MHILL

July 3,1997

City of McAJlen

138067.AO.ZZ

RE: Analytical Data  for City of McAlkn
CVO LabaaoqRcfcn”cc No. 5607

Jim GcisbuWPHX

On June 24.1997, rhe CH2M  HILL Cowallis  Applied Sciences Labmatory  received three
sampks with a request  for analysis of selected pamrnerfm.

The analydcal  tesults and associated  qua@  conrcol  data are enclosed. Any rJnusnal
diftiwlties  mconntered dming  the analysis of yonr samples are discussed in rbt case
narrative.

Under CH2M  HILL.  policy, your samples will  be stored for 30  days after rcpor’ing. If you
have not given us prior lnstmcdons  for dkposaJ,  we will contact yoo if any samples require
disposal as hazardous waste.

_.

The CH2M  I-ILL Applied Sciences Laboratory  appreciates your business and looks forward
to swflng  your analydcal needs again. If you should have any qucsdons concerning the
data, or if you need additional information, please call ML  Kathy McKinley at (541) 758-
0235, extension 3120.

Kelly Ensor
Senior Adminisuadve  Assistant

--
SE-, 7524271

F.z  NC.  54  752.0276
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CLIENT SAMPLE CROSS-REFERENCE

CH2M  HIL.L  Applied Science Laboratory Reference No. 5607

CVO Sample JD Client Sample ID Date cokcted Time Cokct~~

56070 1 Zeewxd  Feedwater 06/23/1997 1oMl
560702 ikeweed Pemxate 06/23/l  997 10:40
560703 Memcor  Filuate 06/23/1997 lo:40

Am-77



CASENARRATIVE
GENEIUL  CHEMISTRY

ClientPmjectz  City of McAIIw

I.

II.

m.

/..

Iv.

-

Lab Reference Xo..:  3607

B. Blanks:
.4Il  acceptance criteria were  mcL

F. Q&
Not applicable. . .

AFT-78
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mm
Zorvallis  Applied Sciences Laboratory -

r” I
Pmjed  Name: Cii of  ?&Allen  Pilot Study

Project  Manager  Rosie  Viilarreal
sampled By: R. villeKeal

Clii  Sam@  ID: Zeeweed  Feedwater
Sampling  Date: 06/23/97
Sampling Time: 10%

Type: Grab
Matrix:  Water
Basis: As recsived

lab’.
Date R&d:  06/24/97

Lab ID: 560701
Repat  Revision No.: 0

Reported By: HVN
Reviewed By:

nalyte

Yhemistly
No3m02
K N
-Total Phosporus
3C

Reporting SampIt? Date
Llmlt R e s u l t  Qualller Units M e t h o d  Analyzes

0.10 2.94 mgn EPA 353.2 6l27l97
2 2 u mq(L EPA 351.4 6clol97

0.05 0.12 mqR. EPA 365.1 7m97
0.5

j ki
6.1  IT; <: ma EPA 415.1/2  6/25/97
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:orvallis  Applied Sciences Laboratory

Project  Name: City  of McAh?n  Pilot  Study Date  Aec’d:  06/2%7
Pmjecl Manager:  Rosie  viuamal Lab IO: 560702

Sampled By: R. v?namal Report Revision No.: 0
Cliem  sample IO: zeeweed  Permeate Reported By: HVN

Sarnptlrg  Date: 06/23/¶7 Reviewed By:
samplii  nne:  1oAo %“c

Type: Grab
Mabix:  Water
Basis: As received

Reporting Sampi.S Ont.2
nalyte limit R e s u l t  Qumier Units Method AnaRyzecl

mmietly
-NCWN02 0.01 ~1.01

z
EPA 353.2 &‘27/97

(N 2 5 . 1 EPA 351.4 6ciOl97
.Total  Phcnporus 0.05 0.35 mg/L EPA 365.1 7/21/97
3c 0.5 6.6 msn.  EI’A415.1/2  6iSS97
obr  (ALPHA) Apparent 5 10 mq/L EPA 110.2 Cf2dW97

-Not detected aspecified  repdIng  l i m i t s

~:
23m  N W  wahlf  aw..  Cd.  O R  97335m

P.O.  Bai428.  CnvoQ.  O R  9733GadZ8
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Cowallis  Applied Sciences Laboratory

Proiea  Name: Cii of McAllen  Pilot Shrdy Date Rec’d:  0-7
Pm)& Manager: R&e  Villameal Lab ID: 560703

Sampled By:  Ft. villareal Repa7  Revision No.: 0
Clienl  Sample ID: Merncor  KItrate Reported  By: HVN

sampling  Date: 06/23/97 Reviewed By:
Sampling lime: lo:40 T-

Type: Grab
Matrix: Water
Bask  As received 1

Reporting Sample Date
AnalWe Limit Result Qualifer Units Method Analyzed

chmisily
N-N03/NOZ 0.01 0 . 4 1 m* E P A  3532  SQ7B7
ml4 4 59.0 _,.  -~..“’  mgL EPA 351.4 St30197
P-Total Phospaus 0.50 3.89 z:- .y EPA 365.1 7/2%7
TOC 10.0 5 6 . 8  .’ ‘;.;, ,.- 2 EPA 415.112 6!27,r97
Color  (ALPHA) Apparent 5 20 i..>-  I- .y mg/L EPA 1102 6/24@7

::i

U=.Not  detected
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a CXZMHILL

Scptemk5.1997

City of McAllen

138067AO.22

RE: Analytical Data for City of McAUen
CVO Laboratory Reference No. 5607

Jii Lozier/PHx

On June 24,1997,  the CHZM  HILL Corvallis Applied Sciences Laborarory  received three
samples with a request for analysis of selected paramemS.

An error  was found on your original report due to a log in mor. The TOC botries  for the
Zeeweed  Feedv&er  and Memcor  Filuate  were labeled inconectfy. please replace your
original report  pages with the anached  revised results for Zeeweed  Feedwater  and Memcor
FihU.

The CH2M  HILL Applied Sciences Laboratory appreziaax your business and looks forward
to sewing your andykal needs again. lf you should have any questions concerning the
data, or if you need additional information, please call Ms. Kathy McKinley at (541) 758-
0235,exunsion3120.

Sincerely,

0
Ginaer Collins
En&onmenral  Chemist

Enclosures
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Corvallis Applied Sciences Laboratory

Pnz.jec~  Name: City  of McAllen  Pllot  Study
Pmjea Manager: Rosie  villaneal

Sampled By: R. VillaKeal
Client Sample  ID: Zeewed  Feedwater

Sampling Date: 06!23B7
sampling mle:  lo:40

Type: Grab
Manix:  water

Date Rec’d:  06/24&7
lab ID: 560701

Repon Revision No.: 1
Reponed  By: HVN

Anabte
Reporting Sample Date

limit Reeull  Quallfler Units Mettmd An24~

ChemMy
N-NCWNO2
TKN
P-Total Phospow
TOC

0.10
2

0.05
10.0

294
2

0.12
56.6

u
EPA 353.2 6/27tg7
EPA 351.4 6/30197

WL EPA 365.1 7r2fg7
WL EPA 415.112 6/27/97

-*inn Cm*
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hrvallis Applied Sciences Laboratory

Pmjeci Name: City  of McAllen  Pilot Study Date Reed:  oa23lS7
Pmjecl Manager Rosie  Villameal Lab ID: 560703

Sampled By: R. Villanea Report  Revision No.: 1
Client  Sample ID: M-r Fiitrate Reported By: HVN

Sampling Date: OSI23/97 Reviewed By:
Sampling Time: IO:40 T--

Type: Grab
Matrix:  Water
Basis: As received -

Reporting Sampie Date
ulalyte Limit Rerun Qualhier Units Method Analyzed

:/remi*
l-NW02 0.01 0.41

z
EPA 353.2 SR7lS7

KN 4 59.0 EPA 351.4 W3OlS7
‘-Total  Phmporus 0.50 3.89 mslL EPA 365.1 7/2/S7
DC 0.5 6 . 1 ms/L EPA 415.1/2  W?ilS7
i&r (ALPHA) Apparent 5 20 mg/L EPA 110.2 S/24/97

I=Not  detected at specified  reporting  limits
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MONTHLY BILLING SUMMARY

Applied Sciences Laboratory
CHUVlHlU  Corvallis.  Oregon

ZxwMywabwIBkd.  -. OR 9m
P-0.  ear  428.  c2Qma4k.  OR s7Esm29
541  Nun
Par547  7s.?u?76

City of McAllen
Project Manager: Jim GeisbusiVPHX InvoiceDate  06l24i97

Invoice No. A97-1173

Customer Number CH2M  Hill Rep.
138067AOZZ Ginger Collins

Billing Period
7m97

Page 1 of 1

Reference No.
6 6 0 7

3 Color (ALPHA) Apparent 6mi97 s20.00’ $60.00
3 NaratwNiie 6R4l97 635.00 $105.00
3 Total  Phosphorus 6rai97 625.w: $75.00

Total kjeldahl  Nitrogen 6ml97 $ 3 5 . 0 0 $1 (15.00
Total Organic Carbon 6Ru67 $40.00 $ 1 2 0 . 0 0

(THlSlSNOTAWlLL-DONOTSUWM7PAYMBVT) TOTAL AMOUNT: %5.00

Our records indicate U?at  the above tests were requested during the
current billing period. Please notify the laboratory listed above if mere are
any discrepancies.

- PROJECT COPY -
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* CH2MHILL

City of McAllen

Subject Ac!cnowledgment  of sample set 5664.

This letter is m adcnowledge  the receipt of your sample set on 7/l/97. It has bea
assigned labommry  nnmlxr  5664. Please refex to the laboratozy  number  if you need m
bquire  about this sample set I have aaached  a copy of the chain of custody form m
provide additional infolmaliolL

There were no probkzns  noted with tbe receipt of your samples.

If YOU  need assistance,  please feel free m call 54b758-0235 extension 3 117.

SblCCl.Cl~,
cH2MHnL

JeKiMdCk

Atiachmkt
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3 CH2MHILL

July 30,1997

City of McAllen

138067.AO.ZZ

RE: Amlyrical Dara  for City of McAlkn
CVO Laboramry  Reference No. 5748

Jim Geisbusb/PHX

On July 15.1997,  the CH2M  HILL Corwllis  Applied Sciences L.&o- received three
sampls WiIh  a reqnes1 for analysis of sellxud paIarneuK.

The analyTical adts  and associared  quaky  conuol  data are ulclosexi  Any unusual
difkulties encoun~ during the analysis of your samples are. discussed in the case
narrarive.

Under CH2M  HILL policy, your samples will  be stored for 30 days after reporting. If you
have not given us prior insuocdons  for disposal, we will  contacf you if any samples require
disposal as hazardous WasIe.

The CH2M  HILL Applied Sciences Laborarory  appreciates your business aud looks forward
to swing yonr analytical needs &IL If you should have any questions concerning the
data, or if you need additional information, please caIl  Ms. Kathy McKinley  at (541) 758-
0235, yension 3120.

Kelly Ensor
Senior Adminisuadve  Assisranr
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CLIENT SAMPLE CROSS-REFERENCE

CH2M  HILL Applied Science Laboratory Reference No. 5748

CVO Sample ID Client Sample ID Date c011ected Time Collected

5 7 4 8 0 1 ikeweed  Fcedwarcr 07/14/1997 945
574802 Zeewecd  Pcnmau 07/14/1997 945
574803 Mmcor Filuau 07/14/1997 9:45
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CASE NARRATIVE
GENERAL CEEMISTRY

Lab Reference No.: 3748

CIientA’mjeer:  City of McAlh

I . Hokline The:
An acctptance  criurla were InCL

B. Blanks:
Blank  for Total Phosphate  had 0.06 m&?k  PO.-P. 0th.~  acceptance  criteria were
met

E.

F.

Lab cona  saum1ecsl:
IA Control  for Toral  Phosphate  did nor me! mimia. other  acceptance crimia  were
meL

_i
other:
Not applicable.

Iv. ~ocamencxion  Exceotiow
No&.

Prepared by: ?kLL

Reviewed by: /?a
4
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Corvailis Applied Sciences Laboratory _

L-1.  s t .
Project Neme:  City ol  t&Allen  Pilot Shady

Projea  Mat@er:  Rosie  viibrreal
Sampled By: R. villa.rreal

Client  Sample ID: Sewed  Feedwater
Samplim~  Date: 07/14/97
Sampling Time:  93s

Type: Gtab
Matrix: Water
Bask.: As  received

Date Rec’d:  07/1!%97
Lab ID: 674601

Repan  Revision No.: 0
Repolted  By: HVN

Analyte

Chemistty
N-N03/N02
TKN
P-Total Phoqxms
TOC

Reporting Sample Date
Llmlt Reeutl  Guallcer Units Meaod h=lywd

0.10 0.10 U mg/L EPA 363.2 7116197
5.0 612 mg/L EPA 361.4 7/1?/97

025 1.67 WL EPA 366.1 7ml97
10.0 46.5 mqfl. EPA 415.112  7l24/97
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Corvallis Applied Sciences Laboratory

I ,  C l i e n t 1
Pm&t  Name: C, of McAUen  Pilot Study Date Ret?&  07/15(97

Pm&t  Manager: Rosie  Villaneal Lib ID: 94902
Sampled By: R. Villareal Report  Revision  No.: 0

Client Sample ID: Zeeweed  Permeate Reported By: HVN
Sampling Date: 07/W/97 Reviewed By:
s%nphg  lime: 9:45

Type: Grab
Malrix water
sasis:  As  received

RepOMng Sample Dae
Analyte L i m i t Result Qualifier Units Method  Analyzed

chemistry
N-N03/?402 0 . 1 0 0.10 U mall EPA 353.2 7116l97
TKN 1.0 12.5 EPA 351.4 7/l  7iw
P-Total Phospoms 0.05 0.05 U EPA 365.1 7/l  al97
TOC 1.0 9.7 mg/L EPA 41.5.1/2  7124’97
Cobr(ALPHA)Apparem  5 10 mslr EPA 110.2 7115l97

.
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:orvallis Applied Sciences Laboratory

1
Pm@!  Name: Cii of McAkn Pilot  Study

Projec!Manager:Rc6ieVlaarreal
Sampled By: FL villarreal

Client  Sample ID: M-r Fibale
Samp&!g  Date: 07/14197
san7pling  lime: 93s

Type: Grab
Md: water
Basis: As received

Date R&d: 07lW97
Lab ID: 674603

Repot-f  Revision No.: 0
Reported  By: HVN

Rev iewed  By :

Reporting Sample DiJte
nalyte Limit Result Qualifier Units Method Analyzed

hem&by
-No3lNo2 0.10 3.46 EPA 363.2 7/l a97
K N 1.0 1.9 2 EPA 351.4 7/17/97
-Total  Phoqx~~~ 0.05 0.05 U EPA 366.1 7/l  w97
3C 1.0 6.7 i$: EPA 41.5.1/2  7l24&7
obr  (ALPHA) Apparent 5 5 U WL EPA 110.2 7/I  5t97

=Not  deleoted  alged

(541)  752471
F.z  No.i.Cd!)  7524276

.-.

__
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-0 CHZMHILL

City  of McAlh Pilot Study

Subjecr  Ac!mowlcdgm~nt  of sample set 5875.

This lener  is to acknowkdge  the receipt of your sample sn on g/5/97.  It has  been
assigned  ldxnamry  numba  5875. Pkase nefet to the laboiatoty  rmmk if you need m
inqnire  about this sample set I have attached a copy of tie chain of custiy form to
provide additional  informalion.

There wete  no problem noted with  rhe  receipt of your samples

If  you need as&tance,  please fed kee to call  5411758-0235  extension 3117.
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-0 CHZMHILL

City of McAllea  pilot Study

subject AclmowledgIIlult  of sample set 5872

Dear  Iii Lozier/PHxz

This letter  is to acknowledge the  receipt of your  sample set on g/4/97. It has  been
assignedlablJnmlynllmbfx5872  PleaseIef5todulaboratolynunlterifyounadti
inquire about this sample set I have auached  a copy of the chain of custody form  to
provide additional ioforma.tion.

Ifyouileed assism~please~~tocau54~58-0235 e.xmnsion  3117.

Jeni  Ma&k

Attachrrjent

.
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-0 CH2MHILL

08/13/97

City of McAllen

Subjzc Acknowldgmcnt  of sample set 5916.

Dear  JiiLmicrlP~

This kttcr is m achowledge  me raxipt  of your  sample set on 8Ku97. It  has kul
asigncdlatmatolynumbcr5916.  Pleasercfcrtothelabomorynumberifyouncedto
hqire  about  this sample set I have attached a copy of rhe  chain of custody form  to

. provide additional infolmatiolL

There wnc  no problems no& with the  receipt  of your samples.

If you need as&arm,  please feel  kcc to call 54U758-0235  cmnsim  3117.

sincaely,
cH2MHlLL

Attachment

_
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0 CHZMHILL

August  15.1997

City  of McAllm  Pilot Stndy

138067.AS.Z

RE Analytical  Data for City of McAllen  Pilot Study
CVO Labotatory  Referanze  No. 5787 & 5872

unda  cH2M  HILL policy, your  samples will be  stored for 30  days afm  Icporting. If  you
have  not Jjivcn  us  prior insuuclions  for disposaL  we win  comact  you if any samples rf@rc
diSpOsalaSha2ardonsWStC.

The C!lQM  H&L Applied Scienas  Labot=Uory  apprccians  your  business and look forward
to sctving  your  analylical  aads again If you  dlould  have any qucstiotls  conccming  the
dat&  or if you  neat  additional infonnath please  cdl I& Kathy McKidcy  at (541) 758~
0235, cxtcn$on  3120.

Kelly Ensor -
salior  Adminisuativc  Assisant

Enclosures

.‘eQkldsci-Lnalwmav 23aJ NW  wamd  md.. cmdiL0@9-
coMw  omce P. 0. edxd2a -, OR 9733wdz.3

56~75242n
,4x  No.  Yl7sza276
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CLIENT  SAMPLE CROSS-REFERENCE . .

CH2M  HILL  Applied Science  Laboratory  Reference No. 57& & &72

CVO Sample ID Client Sample DD Date Colleued Time Collead

5 7 8 7 0 1 Zawad  Feedwater
578702 zxwad  Pemuate
578703 Memcor Fcedwatcz
578704 Mcmcm Filuate

587201 Zaweed  Penn  3D
587202 Memcor Feed 3D
587203 Memcor Filtrate  3D

li21l97 II:15
7Lw97 II:15
7l21l97 11:lS
7Lw97 11:l.s

7/28/97 lS:17
8BlEJ7 16:OS
7ml97 El1

APP-103



CASENARRATIVE
DBF’siORGANlCS

Lab Reference No.: 5871,

Cliau/Pmjectz  City of McAkn  Pilot Study

L &kible  liies:
.4uaccepmcrireriawcremet

A.

B .

C.

D .

E.

F.

G .

Di&lormc.etic  acid rewvery  (132%) exceeded acqxmct  criteria  All odm
accepranceuimriaw~met

cwer:
. Imemal  smmlard  recoveris for samples 587202 & 43.175%  and 179% -.

respaively.  did not meet acceptance  criteria

Rqared by:

Reviewed  by:
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CASE  NARRATIVE
GENERAL CEEMJSTRY

Lab Reference No.:  aTl8l

Client/Project  City of Mc4llen Pilot Study

A

B.

c.

D.

E

F . i2Ii%z
Not applicable.

Iv. Donrmentadon  EXceUti~
NCU.5.
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CASENARRATIVE :
DBPIFORMATION  POTENTL4L

Lab  Reference No.: zm

CIient/Projectz  City of McAuen  Pilot Study

I . $jgldin~ liie:
AlI  boldlog  dms  were mm
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Corvallis Applied Sciences Laboratory

Project N&me:  Cm of McAllen  Pilot Study
Lab :. -

Date Rec’d:  07/22/97
Project  Manager: Rmie  Vikmeai Lab ID: 578701

sampled ey:  Ellliqie  PereL Repm  Revisioll  No.: 0
Client Sample ID: Zeeweed  Feedwater Reported  By: HVN

Sampling Date: 07mlg7 Reviewed By:
SampiiiTime:  11:15 “6”

Type: Grab
Manix:  Water
Basis  Aa received -

AMfVte

cz&mistIy
N-N03/No2
TKN
P-Total Phosphorws
N-Ammonia

Reporting Sample Date
Llmlt Recut  Qualifier Uflits Method AnalYzed-

0 . 1 0 . 1 U EPA 253.2 7lz5a7
- 5 101 z EPA 351.4 7/w917
0.5 13.5 m4n. EPA 365.1 w12m7
1.0 302 mgiL SM4500-NHS-D 7L.3397

U=.Not  detected at  specibdm  iimik
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Zorvallis  Applied Sciences Laboratory

PmjeaManager  RosieVinamal
sampled  By: Emique  Perez

Client Sample ID: zeeweed  Perlneate
sampling  Date: 07mt97
Sampling Time: 11:15

Type: Grab
Mm:  water
Bas*:As-

Lab ID: 578702
Repolt  Revlslon No.: 0

Repaned  By: HVN
Reviewed By:

TV-

*jstw
krmmo2 0 . 1 16.1 EPA 3532 7l25l97
KN 1 8.7 z EPA 351.4 7mi97
-Total  Phaspm 0.05 3 . 1

z
EPA 365.1 8/12/97

D C 1.0 8.0 EPA415112 7mm7
obr (ALPHA) Aqarenl 5 20 EPA 1102 7m7
-Ammonia 0 . 1 5.4 SM4SOONH3-D 7/25/97

APN9d  .sde”c.%  LabOlatW z3mNwwa!miehd.c-oR  9722n3538
c-omce  - . ... P.O.  Ba428.  -, OR 9733pQdzB

.  .
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Corvallis Applied Sciences Laboratory
. .

Lab.- -
Pmjeu  Name: my  of McAilen  Pilot  study Date R&d: 07lW67

Pmjea  Manager:  Roeb  villameal Lab ID: 676704
Sampled  By: Enrique  Perez Report  RRlision  No.: 0

clii Sample  ID: Memcor  Eitrate Reported By: HVN
sampling Date: 07/21/97 Reviewed By:
samphg  l-lime:  11:l.s

Type: Grab
Male: water
Bask: As received -

Repof- Sample Datei
Anabte Limit Resull Qualifm Unite Method Analyzed-

chemistry
T O C
Color  (ALPHA) Apparent

1.0
5

6.2
5

msn EPA 415.1/2 ?f24I97

m4/L EPA1102 7ml97
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Corvallis Applied Sciences Laboratory

Pmject  Name: City  of  McAUen
Pm@cl  Manager:  Rosie  Villamal

sampled 0y  Ellmue  Perez
Wient  Samp!a  ID: ZeewsU Permeate

Samqiiq Date: 7121/97
Sampling lime: 11%

Type: Gmb
Ma,iJk  water
Basis:  As  Received

Law’
Dam  Fleg!z 7l22m7

Lab  ID: 578702
Allams  Memod:  SM 5710.D

Repon  Revision  NO.: 0
Repoiled  0)~ DAH

ReviewedBy:  u=cnj

contad adorine
contad Temperatom Dosage

pn c-c) (mgL)

7.9 23 10.00

Chlorine  Demand Tesl  fkdts

Talm.oH
Damlime -Time

7Ral37  15:17 7731

Measured allorine
Nmswed Temperawe Residual

PH PC) (msn)

7.0 P 2.18
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hvallis Applied Sciences Laboratory

Pm@3  Name:  City  of Mc4llen
Pmjecl  Manager:  P.osie VillatTeal

sampled  By: Emique  Pemz
Client Sample ID: Memcor  Feedwater

Sampling Date: 7RlR7
Sampling Txme:  11:15

Type: Grab
Me!rix  water
Basis:  As Received

Date  Reedl7Ra97
Lab ID: 578703

Anelysis  Melhod:  SM  57lO.D
Repon  Revision No.: 0

Reported  Sy: DAH

Reviewed  8y:m5

MA/lHM  Fomration  Potential Test Condilions

saup T=m Initial
Detwlime Cmtaot  lime pH

7RsR7  1529 72ou 7.3

contaa chlorine
Cmtdct Tempemtwe Dosage

pH cc) (mgL)

7.9 23 7.10

Wnine  Demand  Tesf  ResuhS
chlorine

Tekedi’ uleasured  Tsm~fe Flesidual
DetefZme ContactTime pn cc) (mgk)

6/1147 16:05 7236 7.0 2 3 1.03
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Sciences Laboratory

a .”
Pmjecl  Name: City  of McAUen

Plujed  Manager:  R0.a vaarmal
Sampled sy:  Emique  PBmz

ChtSam@ID:tdemcorFihate
samplii  Dale:  7i21147
Sampling Time: 1135

Type: Gmb
Malrk  waler
Sasis A.5  Received

ome  Fledd:  7Ra37
Labio:  57137~4

Anelysk  Method:  SM 5710.0
Repotl  Revision No.: 0

Repsned  By: OAH
Revlewed8y:  ,&)5

Chlorine Demand Test Results

Take-aff
De&/Time contactme

7mm7 15:11 71:19

ysgsurud awrine
Measured  Temperature Residual

#I cc) (mm

7.9 P OP
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:orvallis  Applied Sciences Laboratory

P V’.
Pfcjecl  Name: ctly  of  wan

Prnjes!  Manager:  Rosie  vinalTaai
sampi6dBy:Krlslsllapp

Client 3ample  ID: Zeeweed  Pen30
sampliig Dam: 7fz3is7
Sampling Time: 15:17

Type: c&b
Mab‘ix:  water
Basis:  As  Rec0ived

Dam  RecG 814is7
Lab ID: 567201

Repott  Revision  NO.: 0
Repot-tad  Syz DAH

Reviewed By: +
llnlts:  UgA

Mhrte CAst
w -&

ouantier  DateAnalyred

UoacoUc  Adds - .SM  6251.B

hlomawtic  acid 73-11-3 1 . 0 1.7 8/7/97. ‘_
mmoacBtic  acid 73-03-3 05 22 en197
ichloroacetk  acid 73-43-6 05 215 0l7l37
ridllomacenc  acid 76-03-6 OR 4.4 3n197
mmochlomacalic  acid 5383-36-3 0 5 135 a7197
ilxomoaceti acid 631-64-l 05 13.4 3nl37

3-Diommopr0parl0ic  acid 6oo-a5-5 13&% Es

ihalomelhanes  - EPA 5022
IllOmfDrm 67-66-3 05 4 2 6/l 1837
mmodlchkuomehne 75274 05 65 W l  ld7
fbmmochlommeUtane 124-43-l 05 5.6 @Ill/97
mmolorm 75-25-2 05 5.4 6/l l/37

,2-Dichbmelhaned4 17063-07-0 66% Bs

i=Exmeded  instrument  ca@xatbn  range
lssurmgatemandaId
I-Nat  detected  alm
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Corvadis  Applied Sciences Laboratory

P’  *‘-
Pmject  Name: City of  McAllen

Pnject  Manager: Rosie  Vilbnaal
Sampled Byz  Krisri  Snaps

Client Sample  ID: Memcor  Feed3D
Sampling Date: 8/l/97
Sampling Time: 16:05

Type: Grab
Maba:Watec
Easis:  As  Received

Lab.
D a t e  Reed:  al4197

Lab 10:  587202
RepoR  Revision  NO;  0

ReporTed  By: DAH
ReviewedEy:  “s”“-

unlk: w/L

Repo~wl Sample
CAB* timil Restdt aualiier  D a t e  Allazed

Haloacetic  Acds  - St.4  6251.8

Chlomacetic  acid 7911-a 1.0 9.3 &7l97
Bmmoaceti  acid 79-08-3 0.5 4.2 au/97
Dichlomacek  acid 7943-6 05 35.3 ani
Tdchlomacetk  acid 78-03-Q 0.5 352 0rr197
Bmmodtlomacetic  acid 5889-96-3 0.5 33.8 &iv97
Plbmmoacetic  acid 631-64-l 0.5 11.6 an197

2,3-Dibmmopmpancic  acid 800-054 113% ss

Tribalomefhmes  - EPA 5G2.2

ChlOmtoml 67-66-3 05 1 3 6 E Wl  v97
Bmmo&hkmmett&e 7527.4 0.5 1 0 1 811  lis7
Dibmmochiommetbane 124-43-1 0.5 7 1 . 1 W l  l/97
Bmmofmn 7.5-25-2 05 9.0 W l  l/97

1 ,Z-Dichlomethanedd 17oE5o7-a 88% SS

E&xceeded  insbument  cab&on  range
ss=surmgate  standard
)-Not detected at %&fied  reDDning
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Zorvallis  Applied Sciences Laboratory

Projecl  Name: City of &Allen
Pmject  Manager: Rosie  Villanaal

Sampled By: Krkti  Snapp
Client Sample IO: Memmr  Fiitmte30

Sampling Date:  7i29197
Sampling lime: 15:l t

Type: Grab
Me watsr
Basis:  As Received

Date  Reed: w4l97
lab ID: 567203

Repm Revision No.: 0
Reported  By: DAH

Reviewed  By:
units:  ,r

Reportino StItttpie
nalvte CASX Limft Result auafiier  Date Analyzed

aloacetic  Acids - SM &?51.8
hfomawtic  acfd 79-11-9 1.0 10.2 WI97
mmoawtic  acid 79-w-3 0.5 6.4 m37
iMomac3ffc  acfd 7943-6 0 5 39.1 am37
lchlomaceiic  acid 76-03-g 05 3 4 . 1 WEI?
mmochlomacetic  acid 5569-96-3 0.5 26.0 w-m?
ibmmoacstfc  add 63164-l 0.5 12.5 al?/97

3-Diimopmpanoic  acid wo-os5 119% ss

ihalomethanes  - EPA 5’
hlomfoMt 67-69-3 OS 1 3 1 E W l  l/9?
mmcdlchtommemne 75-n-4 0 5 965 Wlll97
BmmochlommeUtane 124-49-l 0.5 773 Wllff?
mmofom 75-25-z 0.5 105 Wlll97

2-Dichforcefftaned4 17069-07-0 96% ss

=Excaeded  inrrmment  caffbratfon  range
s=ssmogate  skndald
-Not detected at swified  reporting  limits
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MONTHLY BILLING SUMMA9.Y-.
Applied Sciences Labor&oG .

CH2MHILL Cotvaks,  Oregon
.:w. zmoNwsvahlnBkd.c‘n5eioRs-P.O.  Bor4a.  - OR 973190628541-

Far941  7saoz7s

city  of McAllen  Pilot study
Project Manager: Jim LorierlPHX Invoice Date 07/22/47

Invoice  NO. A97-1364

Pagelot

Customer Number CHZM  Hill Rep.
138067AKiZ Ginger Coliirte

Billing Period
a!27197

Reference No.
5787

Color (ALPHA)  Apparent 7/22/97 $20.00
Ammonia 7R2I97 S2O.W

2 Nii~e 7l22f97 $35.00 vo.00
2 Total Phosphorus 7R2n7 925.w $50.00
3 Trihalomethane  8 Haloacetic  Acids Formation Potential 7l226v 8135.00 $405.00

cMmm.=f?
2 Total @IdahI  Niiogen 7R2f97 s35.w $70.00
2 Total Organic Ca6on 7R2Ei7 $40.00 s6o.w.

~1.5’ IS NOTA  BILL  - DO NOT SlJBM7-  PAYMW Total Amount Billed: $7!%.00

Our records indicate that me above tests  were reque!xed  duting  me current
billing period. Please notify the laboratory listed  above ii there  are any
discrepancies.

- PROJECT COPY -
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MONTHLY BILLING SUMMARV

Applied Sciences Laboratory
CH~HIu Corvallis, Oregon

,w. zIDoNww-Evvd-.*R9-3538
P.O.  Bar 428.  colv~,  OR 9-
Y,7524?71
Fax51r7s.?-a?76

Cii of McAUen  Pilot Study
Pmject Manager:  Jim LczWPHX lrmiceDate08/04/97

lnvcice  No. A.S7-1446

Page! 1 Of 1

Customer Number CH2MHillRep.
138067A8zz Ginger Collins

Billing Pericd
eR7l97

(lHl.5  IS NOTA  BILL  - DO NOTSUSMTPAYMENTJ Totel  Amount Billed: $900.00

Our records  indicate thet  the above tests were requested during me current
billing period.  Please notify me leboretmy  listed  ebove if mere ere  any
dkrepanctee.

_ .: - PROJECT COPY -

APP-119



-0 CH2MHILL

August  18.1997

City of McAllen

138067.A0.22

R E : Amlyrical  Dam for CXv of McAllen
CVO Laboramry Reference No. 5846

Jiicieisbnsb/PHx

On July  30.1997,  the CEl2M  HILL Gn-vallis  Applied  Sciences Laboratory received three
samples with  a request for analysis of sekcted  paramew.

The arlalylical  results  and associamd  qglity control dam are enclosed. Any lmnsoal
difhzulties  encotmtered  durhg the analysis  of your samples are d&used  in the case
nanadve.

Under CH2h4  HILL policy, your  saqks will be stored for 30 days after reporting.  If you
bave.not  given 11s  prior imtmdons  for disposal, we will  conmct  you  if any samples  require
disposal as hazardons  waste.

--The CH2M  HILL Applied Scimces  Labaauq  appreches  J’oau business and looks forward
to serving your analytical needs again. If you should  have any qnestions  con~g  tbe
dam or if you need additional information, please  call  Ms. Kathy McKinley  at (541)  758-
0235, extension 3120.

Kelly Ensor
Senior Admhimdve  Assismm

-
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-.
CLIENT SAMPLE CROSS-REFERENCE .

CH2M  HILL Applied Science LaLmatorp  Reference No. 5846

cvo Sample ID Client Sampie  ID Date colkted Time Colleti

584601 -i!eewecdFcaiwatu 07Lw1997
584602 zeeweedPumcau 07/29/l  997
584&43 Memcor  Filnare 07/29/1997

APP-121



CASENARRATIWZ
GENERALCHEMISTRY _

Lab Reference No.:  5846

Client/Project  City of McAllen

I.

II.

m

Iv.

Digested sxandmi  for TKN  bad 66% recm’ery. Subsquat  snalysis produd  88% recovery.
Acaptance  criteria for other analyses were meL

c
All acceptance aireria wex  met

D. Duulicam SsnmIdSl:
Anaccepranceuitmiawe.remeL

E. W&Sk
Labccmuol-cryform-72%.  subseque3ltanalysisIewverywas  lco%.
crlti for an other analyses  were meL

F. m?c
Nor q@kabIe.

.
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Corvallis Applied Sciences Laboratory

ale  ‘. -

Project Name: Cii of McAllen  Pilot Study Date R&d:  07i3W97
Project  Manqar:  Rae  vinarreal Lab ID: 584601

sampled By: R. wlarreal Rep-l  Revision No.: 0
client  Sample  ID: zeeweed  Feedwater RepoRed  Ey:  WN

Sampling  Date:  07129137
SampIll  Time: Not indicated

T y p e :  G r a b
Matrix:  waler
Bask  As received

Analyte
R e p o r t i n g Sample D a t e

Limit Resutt

Chemistiy
N-NO3NOZ
TKN
P-Total Phosphon~~
T O C

0 . 1
1 . 0
25

1 0 . 0

0 . 1
1 0 9

2 9 . 1
45.4

U EPA 353.2 8115l97
EPA 351.4 7fw97

z E:4%2 2%

I :.
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Corvallis Applied Sciences Laboratory

Lab -
Project  Name: City  of MeAllen  Pibl  Study Dete  R&d: 07&l/97

Project Manager: Rosie  Villameal Lab ID: 5@4602
sempled  sy:  R. villarreal Repwt  Revision No.:  0

cku Sample  ID:  Zeeweed  Permeate Repomd  By: HVN
sampling  Dale: 07f29l97 R e v i e w e d  sy:
Sampling Time:  Not Micated %“”

T y p e :  G r a b
Menix:  water
9eeis: As t-eceived

R e p o r t i n g Sample D a t e
Anelyle Ulllit Resldi  ouellfier U n i t s M e t h o d Analyzed

chemistly
N-NO3N02 0 . 1 6.4 E P A 3 5 3 2  S/15/97
TKN 1 . 0 29 z EPA 351.4 7Kws7
P-Total Ptasphws 0.05 1 . 3
Too 1 . 0 9.3 z E?4%%2 “A:;
Cokx(ALPHA)  Apparent  5 2 5 m- EPA 110.2 7tw97

specmedu=Noldetecledel

2393  NW w-  Blvd.. con&is,  OR 9733G35.u
P.O.BsndZ8.Ccmzk.OR  97235X%28
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Corvallis Applied Sciences Laboratory

0 ’ Lab
Pmject  Name: Cii of McAlien  Pilot  Study Date R&d:  07130/97

Pmjeu  Manager: Rasie  Vinareal Lab ID: 584603
sampled  By: R. viuamal Repon  Rtislon  No.: 0

cklt  Sample  ID: M-r Filbzae Reported  By: HVN
Sampling Date: 07-7 Reviewed  By :
0amplii  Time: Not indicated

Type: Grab
Me: Water
Basis: As reQived

Reporting *Pk D@
AneWe Limit Rerun ouawiir U n i t s -

clml~s?ry
N-NW02 0 . 1 0.7 EPA 3.532 6/16/W
TKN 1 . 0 1 . 1 EPA 361.4 7/31/97
P-Total phosphorus 0.05 0.6 EPA 366.1 em297
Tee 1 . 0 7.6 E P A  415.1/2  &?I97
C o l o r  ( A L P H A )  A p p a r e n t 5 1 5 msn. EPA 1102 7/31/97
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- ‘-“-HLY BILLING SUMMARY

CH2MHILL
,-am@

City  of McAllen  Pilot Study

Project Manager: Jim LoziedPHX

Applied Sciences Laboratory -
Corvailis.  Oregon
amowwabnaBlvd.  Cd.  OR 9v
P.O.  kx4zs.  Lcafvd$  OR 97339-(y28
YI75247r
.=ar54r752-&?76

Invoice Date 07/30/97
Invoice No. A97-14Z

Page 1 Of 1

Customer Number CH2M  Hill Rep. Bill ing Period Reference No.
138C6TAB.22 Ginger Collins a27197 156416

3
I I

Ammokia ”
3 twamtftte
3 Tota  Phowhows
3 TotaI  Kjekkhl  Niien 7E.a!97 $36.00 $i  OS.00
3 Total Organic Catbon 7/30/97 $40.00 I - ls120.00

(-THIS  IS NOTA  BILL-DO NOTSUWMiTPAbXENlJ Total Amount Billed: fsO5.00

Our records  indicate that the above tests w&e requested during the current
billing period.  Pleas  nottfy  the laboratory rkted  above if there are any
diirepanciee.

- PROJECT COPY -
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0 CH2MHILL

August 21,1997

City of McAllen pilot Smdy

138067.Ag.ZZ

RE: Analydcal  Data for City of McAUa  pilot Sady
~3’0 Ldmatmy  Fceference  No. 5875

Jii LozicrmTx

On August 5.1997, the CH2M  HILL Corvallis Ap~kd  Scimxs Labomxy  xeccived  three
samples with a reqmt for aualysis  of selected  parameters.

l-lx allalydcalresul~  and associad cpaliq  coIltrol  data are enclosed Any Ilmmlal
difflcnldes encounted  dming  the analysis of your samples are discussed in the case
natrative.

Undo CH2M  HILL policy, your samples  will  be mued  for 30 days afm reporting. If you
have not given us prior instrucIions  for disposal, we win comacl  you if any samples  require
disposalasbszalotlswase. _..

l-be  CH2M  HILL Applied Sciences Laboramy  appreciats  your business and looks forward
to serving your analyrid necds  again  If you should have ally quesdons  concerning  the
dara, 01 if yqu need additional lnforrmtion,  please call Ms. Kathy  McKinley at (541) 75%
0235, extension 3120.

Kelly Ens01
Senior Adrninhadvc  Assistm~
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CLIENT SAMPLE CROSS-REFERENCE ’

CH2M  HILL Applied Science  Laboratory Reference No. 5875

CVO Sample ID Client Sample ID Date Collected Time Colkted

587501 zccweedF&dwarcr 08/04/1997
587502 ZeewadPemxau 08l04~1997
587503 Memcor  Filttare 08/04/1997
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CASENARRATIvE
GENERAL fXlElWXSTRY

Lab Reference No.: 537;

Client/Pmjectz  City of McAllen  Pilot Study

I.

II.

m.

Iv.

Holdinz lime:
.4JYccpYlcecritedawcmmu

A.

F. other:
Not applicable.

. .
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Corvallis Applied Sciences Laboratory

LaQJ’ I

Pro@ Name: City of McAllen  Pilot Study Date R&d:  08/05!97
Pmject  Manager: uosie  Vinamal Lab ID:  587501.

Sampled By: R. ViUamal Report  Revision No.: 0
Client Sample ID: Zeeweed  Feedwater Reponed  By: HVN

sampling Date: oa/o4i97 Rtiewed  By: -
samplii  lime: Not indicated

Type: Grab
MatJIx:  water

Anafyte

Chemimy
NNO3/N02

TKNN-Ammania
P-Total Phosphoms
TOG

RepormI Sample DatcB
UmIt Result  Ouallfier UllitS M e t h o d  Ana@d-

0 . 1 0 . 1 ill rnsll EPA 353.2 &I537

20 25210.0 229 t$ SiGZii-D zz
025 4.8 EPA 355.1 amm7
10.0 55.4 EPA415.W -17
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Corvallis Applied Sciences Laboratory

aie”’ m
Pmjecl  Name: city  ol  McAUen  Pa0t  shdy Date R&d:  OWOzY97

Pmjea  Manager: Rose valamal lab  ID: 587502
sempled  By: FL Mbneal Repon  Rwisbn No.: 0

Client  Sample ID: zeeweed  Permeate Reported By: HVN
sampang  me:  om4i97 Reviewed By: ,Q&u
sarrprm rune:  tat  indicated

Type: Grab
Matm:  water
Bade:  ks received

Reporting -me Date
ArIalyle Limil Rasull  aoalifbr Units M e t h o d  Analyzed

chemisity
TKN 1.0 1.3 m EPA 351.4 6ws7
N-Ammonia 0 . 1 0 0.67 mgL  SM4500NH3-D 0m97
P-Total Phosphus 0.5 3.4 &mm7
Tot 1.0 7.6 i$ E!?4:;;  WW97
tibr  (ALPHA) Apparent 5 20 EPA110.2 wsm7
N-NII 0.1 17.4 z EPA300 w&7
N-N&Se 0.1 1.7 m EPA300 am97
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:orvailis  Applied Sciences Laboratory

I’ @jgg
Pmjecr  Name: Cl&y  of McAllen  Pilot Study Date R&d:  OB/O5/97

Pmject  Manager:  Rcbe Villeneel Lab ID: 587503
sempied  By: R. villeneal Report  Revision No.: 0

Clll  Sample  ID: M-r Filtme Reported By: HVN
sampling Date: oB/O4/97
Sampling Time: Not indicated

Reviewed  By: &&/

Type: Grab
Metrk:  water
Basis: As received

Repo*w  *pie Date
nalyte Limit RestId  QuatRier Units M e t h o d  Analyz+

Yh?t7lIStrJf
Nom02 0 . 1 3.9
U N 1.0 1.0 22

EPA 353.2 8/15/97
EPA 351.4 em97

-Ammonia 0.10 0.10 U mgL  SM45oo-NH3-cl  aw97
-Total Phxphoms 0.05 0.80 5/12/97
D C 1.0 6.4 i$  EE4::& 818/97
okx(ALPHA)  Appaent  5 5 U msn EPA 1102 WY97
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MONTHLY BILLING SUMMARY

Applied Sciences Laborkory
CH2MHIU Corvaliis.  Oregon

,w pDohwwItsnekd  -, OR e-
P.o.e.muB.l7LmabkoR~
547  73242n
Fa?s17muz7a

City of &Allen  Pilot Study
Project Manager Jim Lozier/PHX Invoice Dete  138/05/97

Invoice No. A97-1451

Customer Number CHZM  Hill Rep.
138(167A&ZZ Omger  Collins

Billing Peticd Reference No.
w27El7 275875

(-THIS IS NOTA BILL - DO NOT SUBMIT  PAYMUVT) Totei  Amount Billed: !E20.00

Our remrds  indicate  thet  ttw  above tests  were requested  during the current
billing period. Please  notify the leboratq  listed ebove ii there ere  any
diirepencies.

- PROJECT COPY -
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MONTHLY BILLING SUMN - -&

a
Applied Sciences Labora

CH2MHIU  Corvallis.  O r e g o n

*II,
zsx)Nww&zn~-.oRoR-3539
P.O.  Bm4.a.  cwrrlh  OR em
547-
Far547  7?J2m

City of McAllen
Project Manager: Jim LozWPHX Invoice Oate08112i97

Invoice NoA97-1492

Page 1 Of 1

Cuetomer  Number Cl-EM  Hill Rep.
139067AOZZ Ginger Collins

Billing Period
9llW97

Total Kjeldahl  Nitrogen

(THIS  IS NOTA  BILL  -DO NOTSUBMITPAW~ Total Amount Billed: $520.00

Our records indicate that the above tests were requested during the
current billing peffod. Please notify the latx~iatofy  listed above if there are
any diiepanciee.

- PROJECT COPY -
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0 CH2MHILL

Augan  29.1991

City  of McAllm

138067.AO.ZZ

REz  AnalyticalDataforCityofMcAutn
CVO Labmmry  Rcfcrencc  No. 5916

JiiLozicrlpHx

On Aqnst  12,1997,  the CH2M  ISILL  Cowalk Applied  Scicnce~  hboratory  rcceivcd dme
sampleswitharqnestforanalysisofscl~p~

The  analytical results  and ass&aced  quality  conuol  data ale  enclosed. Any  unusual
difblltia  alcotmtued  during the analysis of your  samples are dismsed  in til!z case
nauative.

Under CH2M  HIU  policy, your sanqls will be  mxcd  for 30 days afar  Icpordng.  If  :you
have  not given us prior insmtcdoons  for disposal, we will amract  you if any samples  require
dlSpSdaSllEUd0US-

The  CH2M  HlLL  A@ied Sciences bboratory apprcdats  your business and looks forward
to serving your analytical needs again. If you should  have auy  questions coacerning  tbc
datr.  or if ydu  need additional infmmalion,  please call  Ms. Kathy McKinley at (541) 7!58-
0235, extension 3120.

Kelly Ensor
Senior Administmive  As&tam

54,752-4271
.kxP&541752-0276
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CLIENT SAMPLE CROSS-REFERENCE -
CFlZM HILL  Applied Science Laboratory Reference No. 5916 /

CVO Sample ID Client Sample ID Date Collected Time Col~leaed

591601 zawecdF~warcr 08/l l/1997 11:08
591602 ZeewdPcrmcatc OS/l l/1997 11:08
591603 Memcor  F&ate 08/l 111997 11:08

-.
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CASE NARRATIVE
GENERALCEIEMISTRY

CIient/Pmjectz  City of McAllf!ft

.
_

Leb  Reference No.: 5916

c . luaui%  soike  Samolcisl:
Mm-ix  spike  not  available for TOC and  NO3/?JOZ. AII other accepance  criteria
were meL

Reviewed by:

0
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Cor’vallis  Applied Sciences Laboratory

9 * 1 . Lab’.
Pmjeu  Name: Cii of t&Alien  PM  Study

. *

Date R&d:  08/Z/97
Pfojecl Manager Rode  vlihneai Lab ID: 591601

sampled By:  R. valarreal Repon  Revision No.: 0
Client  Sample  ID: Zee-weed  Feedwater &ported  By: HVN

SampGng  Date:  09/l  l/97 Reviewgd  By:
SampliiTm:  11:09 ;f”

Type: Grab
ManiKWater

Bask  As received

Analyte

-f-Y
NNO3N02
N-Ammania
TKN
P-Total Phosponn
TOG

Ropo~ns Sample

Ij

Date
Limit ResuR  aualif~r Units M e t h o d  An&

0 . 1 0 . 1 U w EPA 3532 8/15/97
0.4 14.6 SM4BOO-NH3-D  8/W/97
5 46.1 z EPA 351.4 ww97

5.0 41 .o WL EPA 365.1 w27l97
10.0 43.4 m EPA415.1/2 w22f97
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Corvailis Applied Sciences Laboratory

aIs . lab’
Pmiw Name: C&v  of McAllen  Pilot Studv Date Recfd:  08IW97 1,.~~

PmjeaManagec  R&ievikneaI
8en-qAed  By: R. vlnanwl

Client Sample IO: Zeeweed  Permeate
sempling  Date:  08/l  l/97
Sampling lime: 1198

Type: Grab
Matrix: water
Basis: As received

Lab IO:  tBl602
Repal  RevisiDn  No.: 0

Reported By: HVN
Reviewed By:

^d”

Reporting Sample Date
Anafyte Limit Resrn  Otdlfler UMtS M e t h o d  Analwsdsd

chem&tly
N-N&ate 0 . 1 15.8
N-Niie 0 . 1 0 . 1 U

z EPA 300 8/12/97
EPA 300 wla97

N-Ammonia 0 . 1 0.6
z

SM4a0-NH3-0 8lw97
TKN 1 1 U EPA 351.4 80997
P-Total  Phcqotus 0.5 7.0 EPA 385.1 w27l97
T O C 1.0 7.5 2 EPA 415.112 8l22B7
Cabr (ALPHA) Apparent 5 20 mm EPA 110.2 8/13/97

U-Not d e t e c t e d  a t  specified  repurtinq  E m i t s -

Wl)  7524271
Pa red54  v 7.524276
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bvallis Applied Sciences Laboratory

,. ltipn
Project  Name: City  of MeAllen  Pibt  Study Date  Rec’d:  08/l  2147

Pmjeu  Manager: Rosle  valamel lab  ID: 941603
sampled  By: R. villefrwJ Report RRlision  No.: 0

Client Sample ID: Memcor  Fibate Repined  By: HVN
sampling  me:  owl l/97 Reviewed Ey:
sarrpliinme:  llzoa

Type: Grab
Me:  water
Basis: As received

Reporting Sample Date
WdYte Limit Reeull  Ouallfier Units M e t h o d  Ana=

-mm
cNO3lNO2 0 . 1 28
!-Allnnoti 0 . 1 0 . 1 z

EPA 353.2 a!1  5/47
SM45#NH3-D  E/l 9/47

KN 1 2 3 EPA351.4 aJw97
‘-Total PhDspotus a.05 1.77 z EPA3651 8mt97
‘OC 1.0 7.6 EF’A415.1/2  8l22197
bbr  (ALPHA) Apparent 5 5 EPA 110.2 w3m

I-Not  d&&d et
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Phase II D;z



0 CH2MHILL

June 25,1997

Cii of McAUen

138067.AO.Z

RE: halytical Dam for City of McAllen
CVO Laboratory Reference No. 5357 and 5467

On May 20. 1997, the CEG!M  HILL CorvaJlis  Applied Sciences Laboratory received three:
sampies  with a mqwst for analysis of selected parametezs.  From these samples 3 more -.wre
crearedforTHM’sandHAA’s.

The analydcal  results and aaochted  qualiq control data are enclosed. Any onumai
difficulties  encoonmred  during tbc analysis  of your  samples  are discussed in the Case
narrative.

Under CH2M  HILL policy, your samples will  be stored for 30 days after reporting. If you
have not given 0s prior in.sUWtions  for disposal, we will contact you if any samples reqti=
disposal as llazardoos  waste.

The W HILL  Applied Sciences laboratory apprwiata  your business and looks forward
t0 saving  your  analydcal needs again. If you should have any questions coraming the
data,  or if yoo need additional informdon,  please call Ms. Kathy McKinley at (541) 758..
0235, eqnsion 3120.

Kelly  Ensor
Senior Administrative Assistant

Enclosures
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CLIENT SAMPLE CROSS-REFERENCE

CI-IZM  HILL Applied Science Laboratory Reference No. 3357

cvo Sample ID Client Sample JD Date Collected Time Colleeed

5 3 5 7 0 1 FCCdWaoCr 05/19/1997 lo:40
535702 Memcor Filuase 05/19/1997 lo:40
535703 7kweed  Pemxau 05/19/1997 IO:40
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CLIENT SAMPLE CROSS-REFERENCE

CH2M  HILL Applied Science Labocuorp  Reference No. 3467

cvo Sample ID Client Sample ID Date Colkcted Time Collected

54670 1 FEEDWATER 3D 06m5i1997 9:38
546702 M?ZMCOR  3D 06mst1997 1440
546703 ZEEpzED 3D 06/05/1997 1447
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cAsENARRATlvE
FORMATION POTENTIAL

Lab Reference ?bo.: 5357

CMWProjec!z  City of ;MeAllc?iI

L

IL

l-v.

-, -_ :

._
. ..I
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CASE NARRATIVE
GEXER.-U  CHEMISTRY

ClienURojedx  City of McAllen

I. m
Au scaptance  criteria  were  met

III. &Q&&z

A. ibmdon:
An accepmnce aitelia were  met.

B. Blanks:
All sccepcmce ctirelia were  rnc

c. Mmrlx soike  SamOletzl:
All zlfxepmtlce criteria  were met.

D . PuDli- S~~~(Q

E. Lib coml‘ol Samole(sl:
All accepnce  aim-la  were met

F. Q!g
Not applicable.

N. pocomenmdon  ExcelJdons:
NOne.

Repand by:

Reviewed by:
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A.

B.

C.

D.

E.

F.

Prepared by:

Reviewed by:
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CASE NARFUTIVE
DBPs

L;lb Reference Noo.: 367

Client/Rojeec City of MMcUen

I. ~ldirm  limles:
EIAA  samples were exrncred  witbin holding time% bm bad high surrogate recoveries. HAA
rcmacdoos  were performed  18 days after wllecdon, holdlq  time is 9 days.

A .

B.

C.

D .

E.

F .

G . I

C!$iiratiOn:
All acceptance aireda  uwe met

E!m!s
An accepmnce cdtaia  were  met

soike  samDle(sz:
All accepcmce  crimria  were rne~  except  for tdcbloroacsic  add  (6/X/97)  wbicb had a
spike mcovmy  of (9%.

~umxare Recoveriq:
AR acceptance crimia  were  met fortbe 6&97  analysis except 546701  which bad 5
mwvery  of 134%.  due ro  a smmgare  interference.

fab  conllu1 samoldsl:
.4n accepmnce cdteda  were  met

o(her:
NOIX

IV. I cenify  fhat dds dam package is in c~~~pliance  with the terms and conditions a@‘eed  to by the
cllem and CHZM HILL. bath trqcally and for completeness, except for dx conditions detailed
above. Release of tie dam conminectin  this hardcopy dam packqe  has been amhorized  by dre
Ldaatory  Manager or designee. 3s veri&d by die Wlowing  rim.

Prepared by:

Reviewed by: L .-4.wLLJ
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c1’ ‘1’
Project Name: city  of McAuen

Pmjeu  Manager Rasle villamA
SWpk!dBy:EPerec

sampiiq Date:  Ylws7
semplii  l-ii: lo:40

Type: Gab
Matrix: water
&SiS:ASreQiWd

Project Name: city  of McAuen
Project  Manager  R&e ‘Jibmal

SWpk!dBy:EPerec
sampling  Date: YlWS7
semplii  l-ii: lo:40

Type: Gab
Matrix: water
&SiS:ASreQiWd

~~ID:lCROROOl
Date  Rec’dz YZlJf97

Atlewal  Method: SMl5310.D
Date Amlyzed:  Y2Y97

RepoIl  Revision No.:  0

l.abWWy ID: ICROROOI
Date Rec’dz  YZDf97

Atlewal  Method: SMl5310.D
Date Amlyzed:  Y2Y97

Repon  ReMsian  No.:  0

ClientClient Sample  IDSample  ID

F-F-

TDC  Water Percent
Repllcale  1

6.8 7.0 6.9 2 9

Corvailis  Applied Sciences Laboratary

:

/\Lpzed  8&.mcss~;  _ 23mNWW-Bhd.C OR 97uhluB
- ofece . . P.O. Bcndze.  -. OR 97339.x28
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Corvallis Applied Sciences Laboretofy

I I’ m
Pt~jject  Name: Cii of McAllenFvo@t!.4snsger:Fio.sle- Labc3toly  ID: lCROAOOl

Date  Reed: Y2!a97
SampledBy:EPerer AMlytical  Method: EPA 110.2

ssnlpling  Data:  Ylw97 hte  Allawed:  Y2vs7
ssmplii  The: 10:40 Repon Revision No.: 0

Type: Grab Rewed By: H. Van ~ii
Matrix:  wider Reviewed  By:
Bssls: As received

I

lab
Ubnt Sample  ID Sempls  ID

Peedwar ‘Yi3!m1

Reporting
Umli

5

Color (ALPHA) Appsrenl
Resull Units

10 Cobr Unik

~/. ._‘. . .

AsNed  sdenser  f.rJbodcfy  . . 2303  NW  w&u+  ad.  GYndk.  OR  97.7.Ed.a
Cd omce . ..‘. P.O.  &x428.  con&k. OR 973394d28
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Applied

52’ ‘9’
Project  Name:  city Of McAilen

Pmjea  ~smger: Jim GeisbushE‘HX
BanpIed  By: 0.  Hardy

Cliem  Sample  ID: FEEDWATER  3D
sampling  Dafa:  U5197
sampling  Time:  Sz3S

Type: Grab
Ma!rix:  water
Basis: As Ffecsived

Dam  Rec?d  wiis?
Lab IO:  546701

Repml  Revision  Na.: 1
R+-xted  By: OAH

Reviewed  By:
““is:  gr-

RepOrttno  sample
nalyte CAst Limit Flesuif ouasfier D a t e  Anabzeg

‘Woace8t  Acids  - W 6251.B
hlomacetic  add 79-11-E 0.5 7.9 SR4l97
mmoacetic  add 7S-w3 0.5 a.7 SIxa
iehlcmacatic  acid 79-434 0.5 28.4 6/24/97
licmmace~  acid 76-03-s 0.5 1 5 . 8 6/24/97
mmochlomawiic  acid 5589-96-3 0.5 34.4 W&9?
8romoawtic  acid 63164-l 0.5 26.3 w24lS7

.3-0ibmmopmpanoic  acid 600464 134% s

hfi~eties - EPA 502.2
~hkmfunn 67-66-3 0.5 462 aSIS
mmcdichlommefhane 75-27-i 0.5 89.8 5/9/97
~ibromochlommemane 12448-l 0.5 1 3 0 E SNS7
mmaform 75-25-Z 0.5 67.7 SisvS7

Z-Dichloroethaned4 17068-07-a 90% ss

” _
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Corvallis Applied Sciences Laboratory

c’ *I’
Pmjeot  Name: City of McAllen clam  Recc?  w/s7

Pmject  Manager: Jim GeisbusNPHX Lab 10: 546702
Sampled By: 0. Hardy RepoR Revision No.: 1

Client Sample IO: MEMCOR  30 i+XtWJ  Ey:  OAH
Sampling Data: WM7
Sampling  lime: 14:4U

Type: Grab
Matrix:  Water
Basis:  As Redwd

Reportins  Sample
CASC Llmit u.dt caudim  D a t e

Haloacetic  Ads  - SM 6251.8
chl0macelfc  acid  7411-a 0 . 5 6 . 6 S.e4/97
Bmmoacetk  acid 79-06-3 0 . 5 10.7 sQ4i97
Dichlomacatic  acid 79-43-6 0 . 5 38.3 Si24.37
Trichlomacstk  acid 7603-s 0.5 13.3 6l24i97
Bmmochlamacetic  a c i d  5589-56-3 0 . 5 41 .a 6/24/97
Oibmmoacatic  a c i d  631-64-l 0 . 5 34.3 6i24i97

2.3-Oibmmopropanoic  acid 6Oc-o5-5 1 cY% ss

Trihalomethanes  - EPA 572.2
Chlomform  67-66-3 0.5 46.3 WI97
Bmmodichlcmmethana  75-27-4 0 . 5 69.3 6!9i97
Dibmmochlommethane  1 2 4 - 4 8 - l 0 . 5 124 E 6lw97
Bmmofonn  75-25-Z 0.5 64.8 6/9/97

1.27Dichlomethaned4 17068676 93% ss

E=Exceeded  instmment  calFbtion range
SS=Smogate  standad
USNot limils -



:orvallis  Applied Sciences Laboratory

c I
Pmjacl  Name:  City  Of McA!UT Dam  Reed:  6l6EJ7

Project  ~anagec Jim GelsbushlPHX Lab ID: 54Gw3
sampled By: 0. Ham Rqmt  Revisbn  No.: 1

Client sample  10: ZEEWEEO  30 Repot-led  By: OAH
Sampling Oats: 6/y97
sampling  mime:  14:47

Reviewed  ey:  qwc
units:  pgL

Type: Grab
Mm:  water

bsis:  As  Received-

Reportins *Pk
nafyte CAst Limit Result Duelifie.r  Date Analyzed

‘WoaCCijc  Acids - SM 6251.s
hbmacalic  acid 76-11-6 0.5 9 . 3 6R4a7
mmoacetb  add ?wx-3 0.5 1 2 . 2 6/24/97
ichbmac3tic  acid 79-43-6 0.5 24.3 6i24i67
rbhbrnacatb  add 76-03-9 0.5 1 6 . 4 6R4B7
mmachbmacetic  acid 6666-66-3 0.5 3 4 . 1 6/24&7
ibmmoacaic  acid 631-1 0.5 293 6/24i67

,3-Oibmmopropanoic  acid 60-5 104% ss

iixkmethanes  - EPA 5a;Lz
:hbmbrm 67-66-3 0.5 36.9 6ia7
mmodlci7bmmethane 75-27-4 0.5 n .4 6l6i67
~ibmmtxhbmm&ane 12446-l 0.5 1 1 3 E 6Bf67
mmofcm 76-26-Z 0.5 6 0 . 1 6Ku67

,2-Oichbmethane-d4 17066-07-o 95% 8s

i&xceeded  instrument calioration  range
;S=Surrogate  standard
e
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Applied Sciencee Laboratory

P7UjectName:  cllyofh4cAJlan
Pmjwt  manager:  Jim GeiiusNPHX

SampledBy:  Rvilbmal
crm-lt  camp  ID: Peedater

sampling  Date:  !3l9!37
Sampfing  Time:  lo:40

Type: Gtab
Matrir water
Basis: As  Received

-up
DateKIm%

&et97  1924

Tarset
contactnme

72m

lnii
pH

7.3

c o n t a c t  Tmperahlre Dosage
pH YC) (m@-) -

7.8 23 1o.M)

T-
DamlIme

6Kf37936

contactTIme

6634

measurad chlorine
- T- Residual

pH (‘C) (mu -

7.6 2 3 1.12

This  report has t&n  &~dited  itvough  our laboratory to meet your request.  Thii  data is classed  Preliminw
unt[l you receive the had bpy report  which  has passed the ASL final rWi@w  process.
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Corvallis  Applied Sciences Laboratory

Km97  15:04 izal 7.3 7.8 23 lO.oa

llhJheDoemandT&Resulb

Take.&
conlaetllme

W5979ZB 66234

Hwsumd chlorine
Measured  lamponture Ftesitlual

pH f-C) (W!LL

7.6 23 1.12

dot detected  at  ipeci6ed  reporting limits -
-, .._. ._’

APP-160



:orvallis  Applied Sciences Laboratory

SW 1.
Plqecl  Name: city of McAum

Project Manager:  Jim GeistmshIPHX
sampredBy:R.w

rxmlt  sample  ID: M-r  FillElm
5ampaGg  oere:  Ylsls7
Sampling lime: loso

Type: Gmb
h3anix  water
Basis:AsRecaived

La’ . *
mm  lace  5lzoB7

L&ID:535702
Amlyeie  Memti SM 5710.D

Report  Revision No.: 0
Rapoft&  6~:  DAH

Reviewed By

l&WHM  F6rmed.m  Potential  Test canoEions

-up Tarset tnii
-e contactnme pH

612197  1511 72xx7 7.3

Woiine  Deeand Test ResUm

nke-ofl

6/5/971440 i-l29

comact chmh?e
contxt Temperature  Dosage

pH f-C) (“N _

7.0 23 10 .00

Measured allorine
Measured TCIlllperaar~ Re!sidual

7.7 23 1.72

.-



Zorvallis  Applied Sciences Laboratory

Law’
OateR&L%SlZOf97

Lab Ip:  935703
Anafysis  Methad:  SM 5710.0

Report  Revisiml  No.:  0
RepoRedBy:OAH
R-By:

contact chlorine
cow Temperature Dosage

pH ccl (hll@L)

%a97  15:19 72M) 8.0 7.8 23 10.00

ChlOtilE!
Measurea T~penave Reeldual

pH f-C) ma)

7.6 23 0.44

._.
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Corvallis  Applied Sciences Labof’atory

I Pmjea Name: city of McAllen Date  Reedc  w537
Project  Manager:  Jim GeisbusNPHX Lab ID: 346701

Sampled By: D. Hardy Report Revision No.: 0
Client Sample ID: PEEDWATER 3b Fiepcned  By DAH

I
Samplii  Dam: wSi¶7 Reviewed  By
sampling Time: 95s units:  pg/L

Type: Grab
Mabix Water

I Basis:  As Received

-9 sample
Analyte CASSW Limit RCtSUR auanner Date  Analyzed

Hal0acatiAcid.s  - SM 6ZSl.B
Cbl~roaCaac  add 79-11-S - 0.5 ” 5 . 5 6naJ37
Brom acid 79-0s3 OS 6.6 w10/47
Dichloroacatic  add 7943-6 0.6 2 9 . 1 Wlol97
Trich!amacetic  acid 76-03-9 0.5 13.9 Wlol97
Bromochlomacetic  acid 0.5 39.6 WlaQ7
Oibmmoaceiic  acid 631-64-l 0.5 30.5 Wlws7

23-Diimmopmpamic  a c i d  SOO-355 194% 9s

Ttihabmethanes  - EPA 5022
all0mfomi we-3 0.5 46.2 w9l37
Bmm~~romeulane 75-274 0.5 69.6 6/9197
Dibmmachlommel%ute 12442-l 0.5 130 E ww97
Bromofom 7!52!?i-2 0.5 67.7 SIB/97

12-Dkhloroethne-d4 17066-07-0 % ss
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kxwallis  Applied Sciences Laboratory

La&l’
PmjectNama  CilyofMcAuen Date  Reed:  6El97

Project  Manager  Jii  GeisbushFHx Lab  lo: 546702
SampledBy:  D.Hardy Report  REuision  No.: 0

cl&t Sampie  ID: MEMCOFI 30 Rqwted  By DAH
sampling Dam: 6iss7 Reviewed  By:
samplltlg  -me:  14:40 unik: pg/L

Type:  slab
h4alTbc  water
Basis As Received -

neportfng -Pk
!!zYE- 0As.I Umll ResUll Oualilie~ Date Atlalyzg

6?aaceticMds  - SM 6251.8
hlomacetlc  acid Toll-6 0.5 6.4 . Mom
-6c  add 7946-3 0 5 9.4 6nw7
Ichlodc acid 73-42-6 0.5 30.3 6noB7
ichlomece6c  acid ?&OS-6 0.5 6.2 wloE7
-broadkadd 0.5 41.4 E 6JlW7
kmmaatic  acid 631-64-l 0.5 34.9 6llw7

3-Oibmmopropanoic  a d d  6UJO5-5 107% ss

ihhmetliaoes _ EPA 502.2
hloroform 67-66-3 0.5 46.3 6fsl37
.am&hknumethane 75-27-4 0.5 66.3 6ms7
ibmm&Mrom~ 12446-l 0.5 124 E 6/9197
RJmofoml 75-25-2 0.5 64.6 WE7

Z-gichkxethane-dd 17066-07-0 63% ss

Sueeded  instrument calibmlion  range
s=surrogate  standard
dat  detected  at specified  repor6ng  limits

,.’ I-.’  __-

i
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Corvallis  Applied Sciences Laboratory

Cal I
Project  Name: City  of McAllen

P@c!  Manager: Jim GaisbWPHX
sampled  ev:  0. HaKly

Client Sample  ID: ZEEWEEO  30
Sampling  Dam:  w?m7
Samplii  lime: 14~47

Type: Grab
Maair  waler
Basis:  As  Received

Law’ .!
Dam R&d:  ww97

Lab ID: 546703
Rt?FcXl  Revision  No.: 0

Reported  By: OAH
Reviewed  0y

units:  pg/L

Hakxcdc  Adds -SW 6zs1.B
-add 7911-a 0.a 7 . 4 wlw97
Bromoacaticacid 79-o&3 0.5 73.8 MOB7
OidIlpmacetic  acid 7943-a 0.5 25.8 w10/97
Trichbmacetic  acid 7043-9 0.5 124 WlW97
0mmocNoroaceticaeid -3 0.5 36.4 WlaB7
Oibmmpacstic  acid 631-w-l 05 31.2 w10/97

2.3-Dibranopmparoicadd  aoo-055 104% 00

Tr‘ih&m&mms - EPA5022
Chlomtorm 67-S-3 0.5 38.9 &@I97
0-~romemalle 75-274 0.5 i7.4 6/9/97
Oibmmcchloromethane 124-48-l 0.5 113 E 6/9/97
0mmoform 73-52 0.5 6 0 . 1 6/4/97

1.2~iomeihaned4 17oE3-a7-0 9 5 % 00

EExceded  instrument  calibration  range
ss=suwgatestandald
Wnedfied  rewting  l i m i t s

This  repart  h@s been expedited it?mugh  our  laboratory  to me&  your request. Thii  data  is classed  Pre!liminary
until ycu  receive the hard’&py  report  whii  has passed  the ASL final review p~~ess.
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MONTHLY BILLING SUMMARY

9 Applied Sciences Laboratory
CBHIU.  CorvaIlis,  Oregon

w
zpIoNw-~-*R9~
P.o.&ruB.iava#i%oR  em
YI?ae4?77
.=a?541  z2u?7s

City of F&Allen
Project Manager: Jim GeiebuslVPHX invoice  Data  06106/97

Invoice No. A97-1013

Customer Number CHZM  Hill Rep.
138067AOZZ Doug Hardy

Billing Period
7/9/97

Page 1 of l

bmlB(Bj
3 Haloacetic  Acids wsl97 32250cl $675.00
3 Trihalomethanee  by Purge & Trap 6!!397 375OCI szz5.00

(THISIS  NOTA BILL-DO NOTSUEM~PAWGVlJ TOTAL AMOUNT: %900.,00

Our records indicate that, the above tests  were requested during the
current billing period. Please  notify  me  laboratory lieted above if there are
any discrepancies.

, - :.

” ‘Y. - PROJECT COPY -
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MONTHLY BILLING SUMMARY

City of McAllen
Project Manager: Jim Geisbush/PHX invoice  Date 05/20197

Invoice No. A974997

Page 1 of 1

Customer Number CH2M  Hill Rep.
139097AO.ZZ Ginger Collins

Billing Period
7/9/97

1 Color (ALPHA) Apparent 32w97 $20.00
3 Trihalomethane  8 Haloacetic  Acids Formation Potential 512ol97 $135.00

(THMMAAFP):  pli.  temperature. chlorine dose. and reaction
time set  at desired test condiions

1 Total Organic Carbon (EPA 415.1) 5Eol97 $40.00
(7Hl.S  1.5  NOTA WILL  -DO NOTSUWMTPAYM~ TOTAL AMOUM: $465.00

Our records indicate that the above tests  were requested during the
current billing period. Please notify the IkbOratO~  listed above if there are
any discrepancies.

/ :
:- - PROJECT COPY -
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0 CH2MHILL

O&23/97

Clcy of McAllcn

Subject Ackaowlcdgmnt of sample set  5557.

Dear JiiGcisbushPHXc

This lerm is m a&~owledgc  the receipt  of your sample set on  6/23/P?‘. It has teen
a.&aedlabommyauraber5597.  F%aserefcrmthelaboratDIyaumbuifyouneed~m
iaquirc&outtbissamplcsct  IhavearrachedaccpyofmcchainofcustodyformoD
provideadditlonaliafolIaarion

There wete  ao problems noted  with the receipt  of your  ok..

Ifyounad &saaa, please feel free  to call  54U758-0235  cxteasioa  3117.

MY>
cH2MmIL
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0 CEi2MHILL

June 10.1997

Ciy  of McAUen

138067.AO.22

RE: AnaIyticaI Data for City of McAllen
CVO Labomory Refcrencc  No. 5468

Jim GeisbosM’HX

On June 6.1997, the CH2M  HILL. Corallis Applied Sciences Laboramy  received two
samples with a request for analysis  of sekted patamems.

The anaIydcal  tesults and associated qttdiv control data are mclosed. Any und,
difbdtics encountered dtn+xtg  the analysis of your samples are dimmed in the cat:
ttzmative.

Under  CH2M  HILL  policy, your samples will be stored for 30 days a&r  nzpordng. If you
have not given us prior insmttions for disposal, we will contam  your if any samples require
disposaI as hazardols sastc.

The CH2M  HlU Applied Sciences Laboratory qprecianzs your business and looks forward
to servhg your analytical needs again. If you shoold  have any questions concerning the
data or if ion need additional information, please call Ms. Kathy McKinley  at (541:)  758-
0235, extension 3120.

Kelly Ensor
Senior Adminismtive  Assistant

Enclosures
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CLIENT SAIMPLE  CROSS-REFERENCE

CH2M HILL Applied Science  Labontorp  Reference Yo.  546X

CVO Sample ID Client Sample ID Date Collected Time Collected

546801 Memcor  Ftiuate 06/05/1997 9:30
546802 Zeewecd  Permeate 06/05/1997 9:30
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CASE  NARRATIVE
GENER.-U  CHEMISTRY

Lab Reference No.: 5.&5X

ClientProject:  City of Mc.Ulen

I . HOIdhC  lime:
Au  Yc?prwce alcelia were  meL

A . ~‘llibmcion:
.4U  accepcmce  mimia were mer.

F . other:
Nor appliuhle.

N . lbmnenmrion  Exceodong:
None.

Prepmd  by:

Reviewed by:

.
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Pmject  Name: City of McAllen
Project  Manager Rcke Viiiarreai

Sampled By: E Perez
Sampling Date: WY97
Sampling qm3: 9:30

Mallix  water
Basis: As received

Labolatoly IO: lCROROOl

Date R&d: 616197
Analytical  k&mod: SMS3lO.D

Date Analyzeti: 8Ku97
Report Revision No.: 0

TOC Water

Melncor Piltrale
ihewed Permeate
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Corvallis Applied Sciences ~bo~to~

P I
F‘mied  Name: Citv  of  McAllen LalxratoIy  IO:  ICROR001

Pm@14  Manager U&i*  Villareal
sarrpled  By: E. Perez

sampling  Dale: MY97
samphg  lime: 930

Type: Grab
MatrIxWater
Basis: As received

Date Rec’d:  Wii97
AnalytIcal  Method: EPA 110.2

Date Analyzed: S/6/97
Report  Revision No.: 0

Repmed  By: H. Van Nice
Reviewed By:

7’“”

lab
Client  Sample ID sample ID

MemcorFiitrate 546901
Zeeweed  Permeate 546902

Reporting
Limit

5
5

Color (ALPHA) Apparent
Rest Units

,!.6 c:.dor  Units
1 0 C:olor  Units
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MONTHLY BILLING SUMMARY

Applied Sciences Laboratory
CH2MHIU  Corvallis,  Oregon

~w 2500N?vwakllnw.-..w97pqsog
P.0. 80x  a.  c-Jiv%s OR 4m
542  m-4277
.%X541 7SZ427S

City of Mtillsn
Project Manager  Jim GeisbusWPHX lrwoica  Date 06106/97

Invoice  No. A97-1017

Page 1 Of 1

C u s t o m e r  N u m b e r CHZM  Hill Rep.
138WAOLZ Ginger Collins

Billing Period
Wlll97

2 Color (ALPHA) Apparent 6/6/97
2 Total Organic Carbon SW97 I

~ISISNOTASIU-DONOTSUSM~PAYMOVTJ TOTAL AMOUNT: $120.00

Our records indicate that tfw  above tests were requested during the current
billing period.  Please notify the laboratory listed  above if there are any
discrepancies.

:.

- .

..‘I - PROJECT COPY -
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0 CHZlMHlLL

I : , ::i:  :

6m97 .- . .

Clty OfMcAllen

Subject Acknowledgment of sample set 5468.

Dear  Jii GeisbosWHXz

This letter is m ac!alowledge  the  receipt of your  sample set 0” 6/6/97. It has beeo
asigned  laboratory  number 5468. Please refer m the labotamry  numba  if you wed m
@ire  about  ti sample set I have anached  a copy of the chain  of custody  form  m
provide additional information.

Then  were no problems nored  witi  tie receipt of your samples.

If  YOU d asimttce,  pkase feel free m call 541fl58-0235  extension 3 117.
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-0 C#i2lVlHILL

June 5.1997

City of McAllen

RE: htdydcal  Data for City of McAllen
CVO Laboratory Reference No. 5416

Jii GeisbusM’HX

On May 30,1997,  tie CH2M  HILL Cor~allis Applied Sciences Laboratory received one:
sample  with a request for analysis of sekcted parameten.

The adydcd  results and associated quality conuol data arc enclosed. Any omsoal
difEcukies encountered during the anaIysis of your samples are discussed in the case
narradve.

Under CH2M  HILL  policy, your samples wiU be stored for 30 days aftm reporting. If you
have not given us prior insawdions  for disposal we will contact you if any samples require
disposal as hazardous waste.

The CWM  HILL Applied Sciences Laboratory appnciats  your business and looks forward
to seming your adyricd  needs again. If you should have any questions conceroing  the
&Q or if LOU need additional infornmion,  please call Ms. Kad~y  McKinley at (541) 75%
0235. extension 3120.

K.euy Emr
Senior Administive Assistant
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CLIENT SAIMPLE  CROSS-REFERENCE

CHZM  HILL Applied Science Lnboratory  Reference No. WI6

CVO Sample ID Client Sample ID Date Collected Time Collected

541601 Feedwater 0329l1997 900
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CASE NARRATIVE
GENERAL cBE;wSTRY

Clienf/Projeb:  City of McAllen

L

a

m.

lv.

A .  .samadon:
.4ll amptam crimria  were met

B. Blanks:-
.4ll  acceptance crimria  were met

C. Jvranix  Soike  Samuldsl:
Not qdiuble.

D .  Doolicue  samDle(s1:
.4U acepace criteria were mm

E. Lab Connol sawkfs1:
llle paned  observed a 20 color unit standard as 15 color Units. Omer  cccepceue
criteria were  UleL

Dxomenmion Excmtions:
None.

Lilb Reference No; 5.416

__ -_ ...
._. .
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Corvallis  Applied Sciences Laboratory

Pmjecl  Name: city  of McAllen

Pm&t Manager Rcsie  ViUamal
sampled By: E Perez

sampling Dan?:  Y29l97
Sampling lime: 9:00

Type: Grab
M&ix:  water
Basis.: As received

Cabn
Lahatory  ID: ICR~ORool

Date R&d: 6C3CV97
AnalytIcal  Mm  SMS310.0

DamAnalyzed:m/!37
Report  Revkion  No.: 0

Reported By: G pllins
Reviewed By: &J

Units: mgll-

Lab Reporting TOC water Percent
Cllenl  Sample ID SampleID  pH Limil Replicate 1 Repkate  2 Averaqe RPD

Feedwater 541601 4 1.0 6.9 6.9 6.9 0.0
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Corvallis Applied Sciences Laboratory

Project  Name: City of McAllen
Pmject  Manager Rosie  VinaKeal

Bempled  By: E Perez
Sampliq  Date: Y29l97
Samplirg  lime: 9~00

Type:  Grab
MatTix  water
Basis:  Asreceived

Lablnformabion-
LabQramly  ID:  lCRcR001

Date Rec’d:  Y3w97
AEtlVidMethcd: EPA 110.2

Date~Ed:5/30/47
Report  Rf?dlalcn  No.: 0

RFQO~KI By: H. Van Nice
Reviewed By:

%“-

L a b Repotting Color (ALPHA) Apparent
Client  Sample  ID 5onlpie  ID Limit Result tlnita

641601 5 5u Color  unas

(5al)752-Q71
FarNo.ml)  752u?76
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MONTHLY BILLING SUMMARY

Applied Sciences Laboratory
CH2MHILL  ‘-“$‘zzyo”-oR9-P.O.  Eox42a  cae OR s-54 mmFa?YI7z?u?n

city of MG4llen

Project Manager: Jim GeiebuetVPHX Invoice Date  06/02/97
Invoice No. A97-0968

Page 1 of 1

Customer Number Cl-EM  Hill Rep.
136067AOZ Ginger Collii

Billing Period
6/l l/97

Reference No.
5 4 1 6

(7H/S IS NOTA  BILL  - DO NOT SUBMIT PAYA4w TOTAL AMOUNT: $60.00

Our records indicate that  U?e  ebove tests were requeeted  during ttre  current
billing period. Please  nottfy  me Woratory l&ted above if there et-e  any
dibcrepancies.

: .

,  . .  “..

,. c - PROJECT COPY -
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-0 CH2MHILL

Subjecr  Acbxvledgmenr  of sample  set 5440.

Dear Jii GcisbuswHx:

This letter is m acknowledge the receipt of your sanple  set on 6b97. It has been
assigned laboramry  number 5440. Please r&t m the laboratory number if you ncai m
lnqnircaboutttiissamplesct  Ihaveauacbaiac0pyofthccbain0fcusmdyformm
provide  additinal  infonmion.

Tlmc wue no ptobkms  notal with  the receipt  of your  samples.

Ifyoulmcd assistance,  pkasc  feel eec to call 541/7584x35  cxtensi00 3117.

Jcni Maaick

Attachment

_-  _.. ;.
:. .
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. .

City of McAllen

Subject: Acla~owledgment  of sample set 5416.

Deat  Jim CkisbuslvPHXz

This lemr  is m acknowledge the receipt of your sample set on $30/97. It has been
tignedlaboratorynnmbcr5416.  Pleasereferm~elaborarorynumberifyoaneedm
inquire about this sample set I have anached  a copy of the chain of custody form m
provide addbional  lnformarlon

Them  were  no problems noted witb the receipt  of your samples.

Jeni Mat&k

Attachment
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0 CW2MHILL

May 30, 1997

Cii of McAllen

138067.AO.Z.Z

RE: A&&al  Dam for City of McAUen
CVO Lchnamry  Reference No. 5383

Jim Geisbush/PHX

On May 23.1997, the CH2M  HILL Cor~allis Applied Sciences Labontory received luwo
samples with a request for anaiysis  of $&cr.ed  parameIers.

The analytical  results and asscciared  quality conuol data arc  enclosed. Any unusual
difEculties  mcounrered  during the anatysis  of yam  samples are discussed jn the case
MrlaIive.

Under CH2M  HILL policy, your samples will be scored for 30 days after reporting. Tf you
have not given us prior instrucdons for disposal, we will contaa ydu if any samples  require
disposal as hazardous wasre.

The CH2M  HILL. Applied Sciences Laboratory  appreciat‘s  your business and looks fmward
ro savbg  your analydcal needs again. If you should have any questions concerning the
datq or if you need addldonal  informSion,  please call Ms. Kathy McKinley at (541) 758-
0235, m&on 3120.

Kelly Ensor
Senior Administrative Assistant

-
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CLIE;“(T  SAMPLE CROSS-REFERENCE

CH2M  HILL Applied Science Lzbcnxtory  Reference No. 5383

CVO Sample HI Client Sample ID Date Collected Time Coileaed

538301 MEMCOR Piluxe
538302 ZEEWEED  Pamcau

05iw1997
05i22i1997

a:45
a:45

: ._
. .  .. .
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CASE  XARRATIVE
GENERAL CHEMISTRY

Lab Reference No.:  53383

CkdPmjea:  City of WzUIen

L Holdino -me:
All sccepunce CIiIeriJ  were met.

lv. ~ellmion EXceUti~
None.
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Carvailis  Applied Sciences LaboratoryCorvailis Applied Sciences LaboratoryR ,, ,_ ..
Pmiea Name: Cii of &Allen

PnJjeaManager: Rosie  villarrealRosie  villarreal
Bampled  By: 0.  PerezBampled  By: 0.  Perez

samplirg  Date: Yw97samplirg  Date: Yw97
samplicg  lime:samplicg  lime: a:45a:45

Type: Grab
Mabix:  waterMabix:  water
0aafa:  As received0aafa:  As received

Lab7
LaINmow  IO: lCROROO1
Lab,

Lalmlatoiy  IO: lCROROOl
Oati?  Aec’d: Y2397Oati?  A&d:  Y23B7

Analytical Mettod:  EPA 110.2Analytical Mettod:  EPA 110.2
Dam  Analyzed: Y2YS7Dam  Analyzed: Y2YS7

Report  Revkim  No.: 0Report  Revkim  No.: 0
Reporkd  By: H. Van NiceReporkd  By: H. Van Nice

Reviewed By:

Memoor~eMemoor~e
hewed  Permeatehewed  Permeate



I Company  Name

I I I I I I I I I

1
F1
tQ

THIS AAEA  FOR  LAB USE  ONLY

Allwnala  D,aodpllon Lab ID



Corvallis Applied Sciences Laboratory

Pmjed Manager: Rosi.3 yiuamai
sampled&  E.PeEZ

Sampliig Date:  STEW7
sampling rlmez  9M

Type GmtJ
Mabix  w a t e r

Basis: As received

Laboratory ID: icRoRoo1
Date  F&ted:  .Y30/97

Analytid  Melhod:  EPA 110.2
Date Analyz& !%30/97

Report Revisiin  No.: 0
Reponed  0~:  H. Van  Nice
Reviewed By:

x$@ed-s&omt~~  _. z?3al  NW  W&d  5k% lz‘avcm  OR 973x-3538
cmsmce ..~I P.O. Bo.x&?S.  Cowal% OR 973394628
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Corvallis  Applied Sciences Laboratory
- -

53””  -4
Project  Name: City of McAlleil

Pmject  Manager  Rosie  Viliarreal
Sampled  By E Perez

Sampling Oata:  y29197
Sampling lime: 900

Type: Grab
Mabixz  Water
Basis As  received

Labolatofy  ID: ICROROOl
Date Rec’d:  .s@O/g7

Analykal  Method:  sM53to.o
DateAnalyzed: 612l97

Report  Revision No.: 0
Reported By: G. Collins

Reviewed By:
Units: mgL

lab Flepoting TDC Water PeKellt
client  sample  ID S a m p l e  I D  PH Limit Replicate 1 Replicate 2 Average UP0

k&water 641601 Q 1.0 6.9 6.9 6.9 Cl.0

&Not  detected at specified  detecdon  limits

(sdl)  7524271
FQINO.(JdD  7520276
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MONTHLY BILLING SUMMARY

Applied Sciences Laboratory
CH2MHIU Corvallis,  O r e g o n

1L,
2300Nw~Ew.  cm-d&.  OR 9-
P.0.5ox428.L?owa&0R  %T?zswa
54,  m-277
Fax541  7sz-owS

cily  Of McAllen
Pmject  Manager: Jim GeisbushlPHX Invoice Date 05127/97

Invoice No. A97-0910

Page 1 Of 1

Customer Number CHW Hill Rep. Billing Petfcd Reference No.
138067AaIz Ginger Collins mu97

/
6363

. .- .c II-  y ..-

.2 Color (ALPHA) Apparent S/23/97 320.00 so.00
2 Total Organic C&on 5iw97 s4a.00 %60.00

(7Hi.S  IS  NOTA  BILL -DO NOTSIJBM~PAYMOVTJ TOTAL AMOUM: siza.00

Our records indicate that tfte above tests were requested during me
current billing period. Please notify the lkboratofy listed above if mere are
any dsmpancles.

*a  ._’

._
. .

- PROJECT COPY -
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City of McAlkn

Snbja: Acknowledgmcn~  of sample se! 5383.

DearJiiGeisbusbPHxz

This lem  is m ~~owleclge  rbe receipt of your sample set on X23/97. It has been
assigned laboratory  number 5383. Please  refer to rhe labaamry number if you need to
iq&ea&ntrhissampleset IhavearrachedacoWofrhecfiainof.~rodyformm
provide addilional  illt%Imalion.

T~IUC  wuc  uo problems notai  with the receipr  of your samples.

If you need assistance,  please feel &se m call 541~584235  extension 3117.

S-Y,
cmMHlL.L

Aaacbmenr

. .

,::
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0 CH2MHILL

City of McAkn

Subjccc  Acknowkdcdgmmr  of sampk  set  5357.

This letter is to adnowlcdge  the receipt  of your  sample set on 5/20/97.  It has hem
assignal  labmauny  number  5357. Please  refer  tn the labotatoty  number  if you need  m
ittq~&  about this sample set I have auachcd  a copy of rhe chain of cuwxiy  form m
ptovlde  additional infol7rmion.

Thue were  no problems noted with the receipt  of YOUI Sampks.

rfyouneul ice,  please fed  fin  m call  54W58-0235  extension 3 117.

S-Y.
CH7MHILL

-

__  _.
. .
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0 CH2MHILl

May 19.1997

City  of McAlh

138067.AO.z

RE: Analytical Data  for City of MCqnm
CVO Labommy  Rcfcrenco  No. 5293

Jim G&bush&TX

:.  I.,  . .
I  ..r,:  i. 1 .I_,

-.

Ou  May 9.1997. the CH2M  HILL.  CorvaNis  Applied  Sciqxxs  Labommy  received two
samplcswitharapestfcuanalysisofsckctedp~

‘The analytical results and asochzd  qnalky  control data are enclosed. Any musnal
difkubscnc0nn&durlIlgttuatlalysisofy0ursamplcsarcctiscassedintllccaso
nanative.

Under  cH2M  HILL policy, your samples  wiu  be stored for 30 days after  repordng. rf you
have not glvul  us prior insmlcdolls  for disposal. we will comact  you if any samples rqUire
diSpO%laShazardOUSWaStC.

The CHull  HlLJa  Applied Sciences Labommy  appr&iafts  yuur busimss  and looks forward
m sn-ving  your atlal*cal needs  again. If you should have any qucslions  concerning  the
~orifyounccdadditionalinfolmati on. plcasc  call Ms. Kathy McKinley  at (541)  75%
0235, cxtcnsion  3120.

slnti;,

Kelly Ensor ~-
sudor  Adledmive  Assismnt

Enclosures
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CLIENT SAMPLE CROSS-REFERENCE

C?I2M  HILL Applied Science Laboratory Reference No. 5293

CVO Sample ID Client Sample ID Date collected Time Cc&c&i-

5 2 9 3 0 1 Memcor  Fihate 05/08/1997 905
529302 Zeeweed  Permeate 05/08/1997 905
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CASE  NARRATIVE
GENERALcEEMlsTRY

Lab Reference NW 5293

Cliem/Pmjectr  City of Mc4llen

,4n acceptance  criteria were  met

D. pnoIlcate  SamDIds1:
Allaixqcmxcdmdawemmet

E.

F. other:
Not applicable.

Iv. Dwomentalion  Excem0nsz
NOllC.
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:orvallis Applied Sciences Labo~to~

Pmjec4  Name: cii of McAlkll
Pmjea  Manager. Joe lbana  Jr.

Banpled  By: E Perez
SampiiiDate:Ya%7
samplii  -rune: 9s

Type: Grab
Matrix:  Water
B<asis:  As  received

Lab
lienl  Sample  ID Sampre  ID

IemorPillrate 529301
eeweed  Permeate 529302

Reporting
Limit

bhmmly  IO: lCROROOl
Date Rec’d:  Y9lS7

Anaiytfwl Method: EPA ‘110.2
Date An&z&  Sf9l97

Rqm  Revision No.: 0
Repted  By: H. Van Nice

Reviewed  By:  3 ;;5-

Color (ALPHA)  Apparent
Result Units

1 0 Cok,r Units
15 Color  Un&s

lb&l detected’s  q?ciM  detection Emik

APP-207



Corvallis  Applied Sciences Labomto~

as . .
Pt7+1 Name: Cii of McAllen

Project  Manager:  Joe  lbarra  Jr.
0ampled  By: E Perez

.sampling  Date: %a97
Sampling limw:  9115

Type: Grab
Mabk water
Basis: As received

L a b -
Laboratoly  ID: lCROROOl

Date~R&d:  .%9?
Amlytid  MethI: SM5310.D

DateAdyzed: m/97
Report Revision No.: 0

Reported  Sy: G. Callins
Reviewed By: cpq,

Units: m9/L

Lab Repofting TOC Water Pe,rcent
Client  Sample ID SompleID  PH Limit Repkate  1 Replicate 2 Averaae RPD

Memcnr  Filbate 529301 Q 0.50 7.4 7.6 7.6 27
ZeeweedPefmeate 529302 -2 0.50 7.5 7.5 7.5 IO.0

U-Not  detected s&peciGed  detectbn  Gmik

_ - .:

&7kd  sci*“cm  Labomiw. 2302  NW Wahti &d..  Cw-afk.  OR 9733U35.38
corn7ss  ome P.O.  Bcn42~7.  CM, OR 973394428

(SW 7524271
Fa~0.(Snll752-5276

APP-ZO8





MONTHLY BILLING SUMMARY .

Applied Sciences Laboratory
CH2MHILL Cowallis,  O r e g o n

-o@
~NwwllnmBlvd.~.oR475463o8
P.O.  &lx  428.  cod.  OR 973190128
YI  is.?-
Faz5417s2.o27s

my  of Mc4llen
Pmject Manager: Jim GeisbusWPHX Invoice Date 105/l  297

Invoice No. A9743833

Page 1 of 1

Customer Number CHZM  Hill Rep. Billing Period P&femme  Na.
138067ACIZZ Ginger Ccdlins 5/l  4497 II5?33

2 Color (ALPHA) Apparent 5i9m s2o.00  5 4 0 . 0 0
2 Total Organic Carbon 5m97 s40.00 850.00

(77flS  IS  NOTA BILL-DO NOTSUSMTPAY?EN7J TOTAL AMOUNT: sl20.00

Our records  indicate that  the above tests wwe requssted  during  me current
billing period. Please  notify the laboratnty  listed  above ii there are any
d i i c i e s .

- PROJECT COPY -
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a CH2MHILL

May 13, 1997

City of McAllen

138067.AO.22

R.E: Analy-tical Data for City of McAllen
CVO Labmmy Reference No. 5244

.-. .__.
. .

On May 2.1997, the CH2M  HlLL Corvallis Applied Sciences Laboratory received three
samples with  a request for analysis of selected parameters.

The adydcal results and associated quality control data are enclosed. Any onwxd
difkolties encoomered  during the analysis of yam samples  are discussed in the case
narrarivc.

Under CH2M  HKLL  policy, your samples will  be stored for 30 days aftex repotig. If you
have not given us prior insutmions  for disposal, we will contact you if any samples require
disposal as hazardoas  wase.

I.
The CH2M  HILL Applied Sciences Laboratory  appreciates your business and looks forward
to serving your analytical needs again. If you should have any questions concerning the
data, or if you need additional ioformation,  please  call Ms. Kathy McKinley at (541) 758:.
0235, extension 3120.

Kelly Ensor
Senior Adminisuative  Assistant

Enclosures

5.31  75.1-4271
Fai No. s4175?a70



CLIENT SAMPLE CROSS-REFERENCE

CH2M  HILL Appiied  Science Laboratory Reference No. 5244

CVO Sampie  ID Client Sample ID Date coikcted Time Cokcr~

524401 Faxkvaur 05/01/1997
524402 Memcor  Filmte 05/01/1997
52443 Zeeweed  Permeate 05/01/1997
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CASE NIUUUTWE
GENERAL CHEMISTRY

Lab Reference No.: 5244

Client/project  City of McAllen

II. Dissdcm Exceadons:
NOM

EL &Q&z

A @IibrUion:
AlI ixcqtance  criteda were met

B. J&?&z
w accepwnce  criteria were met

Repared  byr

Reviewed by:

DATE: 5 -/2 - y+

DATE: r,1h  7

APP-213



Corvallis  Applied Sciences Laboratory

Proiect  Name: citv  of MeAllen

-I

LaQl.
Labor;dolY  ID: lCROROOl

Prujeci  Manager  Joe  lbana  Jr.
Sampled By: E. Perez

Samplirg  Date: 5497
Sampling Time: Not provided

Type: Gab
Mark: Water
Basis: As reoelved

Date R&d: .52/97
AnalyticalMethod:  EPA1102

Date Analyzed: 32197
Report  Revision No.: 0

Reponed  By: H. Van Nice
Rev iewed  By :

7-

LabLab
Cllenl  Sample IDCllenl  Sample ID sample  IDsample  ID

k?dwalerk?dwaler 524401524401
Memmr  FiltrateMemmr  Filtrate 5 2 4 4 0 25 2 4 4 0 2
ZeeweedPenneate  5 2 4 4 0 3ZeeweedPenneate  5 2 4 4 0 3

ReporlingReporling
LimitLimit

Color (AIJWA)  ApparentColor (AIJWA)  Apparent
ResullResull

PP
1 71 7
1 01 0

WnltsWnlts

Odor  UnikOdor  Unik
Color UnitsColor Units
Color UnitsColor Units
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Project Name: Cii of McAllen
Project Manager  Joe lbana  Jr.

S a m p l e d  B y :  E .  P e r e z
sampiing  Date: YV97
Sampling Time: Not provided

T y p e :  G r a b
MaPix:  Water
Basis: As received

lak’
Labmatory  ID: ICR~DR001

Date R&d:  Y2m7
Analylical  Memod:  SMs310.D

Date Analyzed:  99197
Repl  Fsvislon  No.: 0

Reported By: G. Mllns
Aeviewed  s y: dl

units: rr!gIL

l a b Reporting TOC Water F’eroenl
ClientSampleID  SampleID  PH Limit Replicate1 Replicate2 Avemae R P D

Feedwater 5244al c2 0.80 8 . 5 8.4 8 . 4 12
MemmrFiitrate 5,%402 0 0.50 8 . 1 8 . 1 8 . 1 0.0
Zeeweed  Permeate 5 2 4 4 0 3 42 0.50 8 . 0 8 . 1 8 . 1 1.2
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MONTHLY BILLING SUMMARY

Applied Sciences Laboratory
C#+2MHIu C o w a l l i s ,  O r e g o n

e,~ womvb+‘atmnsw. l?owaek.OR  9-w
P.O.  s.a.r429.  c4fvalGs,  OR SW
547  *471
FaxY17520276

City cf  McAllen
Project Manager: Jim GeisbusM’HX Invoice  Data  OWW97

Invoice No. A!370791

Page 1 of 1

I

Customer Number G-EM Hill Rep. Billing Period
13ac67Aozz Ginger Collins 5n -5l97

1~~1~1~-w-B
33 I Color (ALPHA)  AmarentColor (ALPHA) Apparent I SRI97

1 Total Organic Carbon
SRI97 I

1 sizl97  1
$20.00$20.001 $60.00$60.00

33 Total Organic Carbon sizl97 $40.00%40.00(  %i20.00~$120.00
(THIS  IS NOTA  B/U - DO NOT SUBMIT  PAYtdGVTj(THIS  IS NOTA  B/U - DO NOT SUBMIT  PAYtdGVTj TOTAL AMOUNT:TOTAL AMOUNT: 3160.003160.00

Our ream indicate that Me above tests were requested during the current
billing period.  Please notffy  the laboratory lied above if there are any
discrepancies.

- PROJECT COPY -
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-0 CH2MHILL

05/13/97

City of McAUen

Subject Acknowledgment of sample set 5309.

This letter is to  acknowledge the receipt of your  sample  set on 5/13/97. It  has been
assigned laboratory nambcr  5309. Please refer to me laboratory number  if you need to
inqnirealxJutthissampleseL  Ih2zeattachedacopyofthechainofcustcdyformto
provide additional infolmation.

The wen  no problem noted with the receipt  of your  samples.

If you need assistance,  please feel he  to call 5411758-0235  extension 3 117.

APP-218
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-0 CH2MHILL

City ofMcAllcn

Subject Acknowledgment of sample set 5293.

This letm  is to ac!nlowlcdge  the receipt of your  sample set on 5m7. It has been :’
assigned  l&cuatory  number 5293. Please refer  to the labmtoty number if you need m
inquire about this sample set. I have attached a copy of the chain of custody form to
provide additional infotmafion.

There were no ptobletns  noted wi& the receipt of your sampies.

If you need a.ssdance,  please  feel free  to call 541/75&0235  extension 3117.

Sinceiely,
cH2MHlLL

-

APP-220
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May 7.1997

City of McAllen

138067.AO.22

RE halytlcal Data  for City of McAUen
CVO Laboratory Reference No. 5261

Iiioeish~Hx

On May 6,1997,  the CH2M  HILL Cordlis  Applied Sciences Laboratory  received one
sample with a request for analysis of selemai parameters.

The analykal  resolts and associated quality control dam arc  enclosed Any nmsaal
dlflicolties c~~coumered during the analysis of your samples are dimmed iu the case
narradve.

Under CHZM HILL policy, your samples will  be .%ored  for 30 days after rqmting. If you
have not given 0s prior instroccions for disposaL  we will  contact  you if any samples reqnke
disposal as hazardous v.aste.

The Cl%.  HILL Applied Sciences Laboratory appreciates your business and looks forward
to serving ygor analytical needs  again If you should have any questions concerning the
data, or if you need additional i&rmation, please call Ms. Kathy  McKinley at (541) 75%
0235, exrmsion 3120.

sincerely,

Kelly  Ensor
Senior Adminisuative  Assistmt

Enclosores

-
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CLIENT SAMPLE CROSS-REFERENCE

CI-IZM  HILL Applied Science Laboratory Reference No. 5261

CVO Sample  lD Client Sample ID Date Coikcted Time Coliected

526101 FEEDWATER 05/05/1997 820

APP-223



.

CASENARR4TNE
GEN-ERALCEEMISTRY

Lab Reference No.: j261

CXenUPmject:  Cie  of MeAllen

L
cxce&dwbasamplewasreceivcdintbelab.

A. &libm!ion:
iin acceptsncc  criteria were met

J

Prepared by:

Reviewed hy:

APP-224



CASE NARRATIVE
METALS

Lab Reference No.: 3261

Client/Project:  City of McAlkn

L Jio1dIne  Tmlcz
Au accepmnce  cliwia  were met

II. Dieesdon  ExceVions:
None

A.

B.

C.

D .

E.

F .

G .

H.

lZZJ.iiiOn:
.4lJ  acceptance  criteria  were  met

TGibEks
Au  acccepmnce  timia  were  meL

18 Interference  ckdr  SamKIle:
Au acceprance  criteria were  meL

Allaccquancechriawe.rema

hpliWre  UIteria  (Cl-  20 RFD) were DIR  met  for Iron  (929 RPD). AS repcad,  tile
sample conmilled  37.3 lrglL  Fe. while  the  sample duplicate mmained  102 pg!L Fe..

ICP se  .al Dilution:
NOt  R&M

Prepared by

Reviewed by:

_

:

. . .
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-0 CHZMHILL

May 7.1997

City of McAUen

138067.AO.ZZ

RE Analykd Data  for Ciiry  of McAllen
CVO Laboratory Reference No. 5261

J i i  GdsbushPHX

On May 6,1997,  the CH2M  HILL Corvallis Applied Sciences Laboratory received  one
sample  with a reqtust  for analysis of selected pamnezers.

The analytical resolts  and associated quality control data are  enclosed. Any unusual
difkulties encountered during the analysis of your samples are  discossed  in the case
nanadve.

Under CH2M  HILL policy, your samples will be stored for 30 days after repordng. If you
have not given us prior insuoctions  for disposal we will contact you if any samples require
disposal as hazardous waste.

The CH2M  HILL  Applied Sciences Laboratory appreciates your business and looks forward
to serving yam analytical needs again If you should have any queskms  concerning the
data, or if yon need additional information, please wll Ms. Kathy M&i&y  at (541) 75%
0235, extension 3120.

. .

Sincerely,

Kelly Ensor
Senior Adminisaative  Assisomt .‘-

cd,  7s2471
FmNo.  5dl7520276

tip-226



CLIENT SAMPLE CROSS-REFEREkE

CIi2M  HILL Applied Science L.aboramrp  Reference No. 5261

CVO Sample ID Client Sample ID Date Collected Time Colkted;-

526101 FEEDWATER 05mw997 a:20

:.
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CASE NARRATIVE
GENERALC-Y

Lab Reference ?io.: 5261

CliendProjectz  City of McAllen

L
r pH  was exceeded wtbn  sample  was received in the Lab.

III. &J&y&

ACalibration:
.4Il  acceptance criteria were ma

B.

c .  Maaix
Not applicable for Alkalbiv.  Reagam were not available for spiking Silica.

D .
AIlaccepmnceaiteaiaweremet

F. Q&c
Not applicable.

Reviewedby:  1
/

_

.
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CASE NA.RR4TIVE
MJiTAU

Lab Reference No.: :?&I

Client/project:  City of M~4lh

I. fiohiine  lime:
.‘u  cmzqnance criteria were  me=

If. Dine&n  Exceodons:
NOllC

A. C&!&&g
All acceptallce criteria  were meL

B. Blanks:
An acceptance crltetia were  mer

c. K-F  Interference Check Samo1e:
An acceptance aiteria  were ma

E. Dedicate  samtM*
Duplicate criteria  (+/- 20 RFD)  were not met  for Iron (929 WD). As  rqxmed,  the
sample contained 37.3 crgn Fe. while the sample duplicate cmmined  102 w Fe.

F.

G. ICP Serial DilutiOtr
Not Requited

N. Dbcomentation  Exceotiong:
None

V. I cenify that this data pac@e  is in comphnc.e  with the terms  and cmditiom  qzecd to by the
client and CHZM HILL. both t.echniWny md for completeness  except for the cmditi~n~ detailed
above. Release of the data contained in this hardcopy data padrase ha been audmrked  by the
Labotatory  Manager or his designee, as verifed by dx folkwing sigmmre.

:..

Prepared by:

Reviewed by:

AF-P-229



Xwvalli:s  Applied Sciences Laboratory
-

Fmject Name: MeAllen  Pilot  Study
Pmjec! Manager  Jim  LozWPHX

Sampled By: R. wareal
Client  Sample ID: Fe&water

Sampling Date: 5’5497
samplii  lime: 620

Type:Gmb
Matrix: water
Basis: As Received

Date R&d:  S/6/97
hi7  ID: 526101

RepOR  Revlslon No.: 0
Reported  By: G. Collins
Reviewed By: ~b

-

aaiyte
Reporting Sample Date

Limit Result Quelll~r U&S M e t h o d  AnaIm

0.5 130
7 . 1 z

EPA 310.1 5m97
.SM  2340.B SW97

0.4 20.0 rn@ ShMSOOSiiD  SK’97

kws
LmiMm.  ICP
:aklum.  ICP
on.  ICP

42.1 42.1 U I@- EPA 200.7 56’97
49.1 111.000 Pan EPA 200.7 5m97
17.6 37.3 P@- ffA200.7 5'657

APP-230



cot I
I ,“I9  AREA FOOR LAB USE  ONLY



MONTHLY BILLING SUMMARY

Q)
Applied Sciences Laboratory

CH2MHIu Corvallis, Oregon
.W~

2SOCNwWMurBhd.-,OR9-
P.0.  &7x429.  cati OR 4-
541  ma?71
FaxYI mz7s

clay of McAkl
Project Manager: Jim GeisbusM’HX

Page 1 of 1

I Customer Number CHZM  Hill Rep. Billing Period Reference No.
138067AOLZ Helen VanWe 6n4l67 6261

WLS  IS NOTA BILL-DO NOTSlJEh4iTPAY&i~ TOTAL AMOUNT:

Our records indicate that the above tesls  were requested during the current
billing peficd.  Please notify  the IabOratOly  lied  above il there  are any
diipancies.

_

.- - PROJECT COPY ,-
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0 CH2MHILL

City of McAllcn

Subjen: AdEnowledgment  of sample set 5261.

DearJiiGeisbushlpHx:

This letter is m achowledge  the receipt of your sample xt on .5/6/T. It has been
assigned laboramry number 5261. Please refer m the laboramry number if you d m
inquire about this sample set I have attached a copy of tie chain of custody form m
provide additional information

There  were  no problems noted with the nxeipt  of your samples.

If you nad ass&tan=,  please fed  free m call 5411758-0235  exension  3 117.

Sincerely,
CH2M  HlLL

Jeni  Manick

;_.

_

AFT-233
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a CHZMHLL

. .

05/05/97

City of McAllen

Subject Acknowledgment of sample set 5244.

Thi$ letter is nJ acJatowlcdge  the receipt of your sample set otl5m7. It has been
assigned lab-oramry  number 5244. Please refer m the laboratory number if you need m
inquire about this sample sa I have attached  a copy of the chain of custody form to
provide additional infonmati~

There wue  no problems noted with the receipt of your samples.

If you need as&stance, please feel free to call 54lJ7584235 extension 3117.

APP-235
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a CH2MHILL

April 30, 1997

City of McAllen

138067.AO.ZZ

.E: Analytical Data for City of McAUeo
CVO Laborarory  Reference No. 5213

Jii GeisbusWPEIX

On April 25,1991,  the CH2M  HILL Comallis  Applied Scieoces  Laboratory received two
samples with a request for analysis of selected  param-.

The analydcal  results and associared  quality conuol data are  enclosed. Any umsual
difEcnlties encountered during tie analysis of your samples are discussed in the case
rmrmive.

under cH2M  HILL policy, your samples will  be stored  for 30 days after repordng. If you
have not given us prior insmlclions  for disposal, we will contacx you if my samples require
disposal as llazardous waste.

The CH2M  HILL  Applied Sciences Laborstory  appreciatts your business and looks forward
to serving y,our analytical needs again If you should have any questions conccming the
data,  or if you need additional information,  please call Ms. K;yhy McKinley a! (541) 7%
0235, exrension  3120.

.%&rely,

Kelly Ensor
Senior Adminisuative  Assistant

Enclosures

APP-237



CLIENT  SAMPLE CROSS-REFERENCE -

CFIZM HILL  Applied Science Laboratory Reference No. 52L3

CVO Sample ID Client Sample ID Date Colleaed Time Cokct.ed

5 2 1 3 0 1 Memcor Pila-are
521302 zeeweed Permeate

04iw1997
04l24~1997
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CASE NARJUTIVE
GENERAL CHEMISTRY

Lab Reference No.: 3213

Qient/Rojkctz  City of MeAllen

m. &&$g

A. Caiibrhon:
All acceptance criteria were  meL

E. Q&
Not a@icable.

Iv. Dcamentauon ExcelJIions:
NOW.

Prepared by:

Reviewed by:

AFT-239



Sciences Laboratory

Project Name: City of MeAllen
Prujea Manager: Joe lbana Jr.

Sampled By: E. Perez
Sampling Date: 4424i97
Sampling lime: Nat provided

Type: Grab
Mti:  water
Basis:  As received

Lab1
Labo8zmy1D:ICROR001

Date R&d: 42397
Analytical  Method: SMS3ro.D

Datehaiyzed:4/2w97
Repal  Revision No.: 0

;;:zz z GFS

Unb:  mgIL

Merncor  Filtrate
Zeewed  Permeate

TOC Water PerCHIt

521301 -2 0 . 5 0 7 . 6 7.6 7.6 0.0
521302 4 0.50 7 . 4 7 . 4 7.4 0.0
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Corvallis  Applied Sciences Laboratory

Project Manager  Joe lbam Jr.
sampled By: E. Perez

samphg Date: 4i24i97
samplii  lime:  Not piwided

T y p e :  G r a b
Matrix:  water
B a s i s :  As  r e c e i v e d

Laboratory  ID: ICROFlOOl
Date  R&d: 4/W97

Analylid M&-adz  EPA 1’10.2
Date Analyzed: 4EY97

Report  Revision No.: 0
Reported By: H. Vm Niki
Review&By:  p”

Lab R e p o r t i n g Color (ALPHA) Apparent
client  sampie ID sample  ID Limlt Resrlt Unlit3

MemoorFiltmte 521301 5 Odor  Uniis
Zeeweed  Permeate 521302 7 Color Unik

APP-241
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MONTHLY BILLING SUMMARY

Applied Sciences Laboratory
CH21\11HlU  Corvailis, O r e g o n

.e anJL7hwwdm7Ehd.-.oR  9-
P.O.  acua28.  CMnuis.  OR 471(9-0128
541?334277
FaxYI?szu?7s

city cf  McAllen

Project Manager: Jim Geisbush!PHX Invoice Oete  04&5iS7
invoice No. A97-0764

Page ‘I of 1

Customer Number CH2M  Hill Rep.
138067AOZ Helen VenMce

Billing Peticd Reference No.
sn  u97 I5213

w-m
2 Color (ALPHA) Apparent 4m5f97 3 2 0 . 0 0 $ 4 0 . 0 0
2 Total  Organic Cart-on 4mm 9 4 0 . 0 0 $ 8 0 . 0 0

mf.S  IS NOTA  BILL -DO NOTSiJBMrr  PAYMW TOTAL AMOUNT: $ 1 2 0 . 0 0

Our records indicate that the ebove tests  were reguened  during me current
billing pericd.  Please notify me leboratory  listed above if there are  any
diecrepencies.

- PROJECT COPY -
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MONTHLY BILLING SUMMARY

Applied Sciences Laboratory
CH2MHIU  Corvallis,  Oregon

a
z+IomvwahutBhd.cuvalk.oR  9-
P.O.  Bmea.  l2vvdis.  OR 9-
Y173w.?77
Far  s-37  N-m76

City of f&Allen
Project Manager: Jim GeisbusNPHX Imuice  Date &t/21/97

Invoice No. A97-0710

Page 1 of 1

C u s t o m e r  N u m b e r CH2M  Hill Rep.
138067AOZZ Ginger Collins

Billing Period
5!%4/97

WlS  IS NOTA  E/K - DO NOT SlJBh4iT  PAYMENIJ TOTAL AMOUKT: $180.00

Our reards  indicate that ttx above test3  were requested during the  current
billing pekd. Pleaae  natffy  ttle  lzlbwat0ry  listed  above if mere  am  any
discmpancies.

: - PROJECT COPY 7
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a CH2MHILL

April 30.1997

City of McAllen

RE: Amlyrical Dara  for Civ of McAUen
C-VO  Labmatcny  Reference No. 5182

I i i  GeisbosNpHx

On April ~lg,1997,  dii CH2M  HILL CorvaUis  Applied Sciences IzQmatoxy  received dust
sanlples wirh a request for analysis of s&cud palamems.

The analydcal  resulti  and associated qualiLy  conlrol data are enclosed Any llnllsoal
difEcubies cncotlmered  during the analysis of your samples are discussed in the case
narralive.

Under  CHZM  HILL policy; your samples will  be stored for 30 days after reporting. If you
have not given us prior ins~~ccions  for disposal, we will contact you if any sarnplcs  require
disposal as hazardous wasfe.

The CH2M  EDLL Ap~l+  Sciences Latmatory  appreciates your business and looks forward
to serving yam analykal  needs  agah If you should have any questions wncerning  the
data,  or if you need addirional  information, please call Ms. Kathy McKinley  at (541) 758..
0235,  extension 3120.

Kelly Ensor
Senior Adminisuative  Assistant

Enclosures
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CLIENTSAMPLE CROSS-REFERENCE .

CH2M  HILL Applied Science Laboratory Reference No. 5X!
f-

cvo Sample ID Client Sample ID Date Collected Time Collected

5 1 8 2 0 1
518202
518203

Feed  Water
Memcor  F?.Itratc

Zeeweed  Permeate

Oy7/1997 11:OO
04/17/1997 11:oo
04/17/1997 II:00

.._
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CIientPmject  City of McAllen

I.

II.

III.

N.

F. m
Not qpllcable.

Documention Exceutions
NOtIe.

CASE NARRATIVE
GENERAL CHEMISTRY

Laf, Reference No.: 5182

:.



Corvailis Applied Sciences Laboratory

Project  Name: Cii of McAllen LahatoryiD:  lCROROOl
Pmjact Manager Joe lbana  Jr. Date Rec’d:  4/18/87

sampled  By: R. vlllanal Ana~oal  MabuJ:  SW531  0.D
BampGng  Date: 4/17/97 Date AMlyzed:  4l28197
Sampling lime: 1190 Rep?  RRlision  No.: 0

T y p e :  G r a b Repon&  By:  G Collins
Matrix:  water Reviewed  By: ti
Basis: As received units: mgJL

-

Lab R e p o r t i n g TOC wate; P e r c e n t
Client Sample ID Sample ID pH Limit R e p l i c a t e  1 Replicate 2 Average RF’D

Feed  water 518201 2~~. .oso 8 . 1 8.3 8.2 2 4
Memcor  Flkrate 518202 0.50 7.8 7.8 7.8 0.0
ikewad  Permeate 518203 4 0.50 7.7 7.6 7.7 1.3

_&Not  detectad  at speciEed  detection Pmik
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Corvailis Applied Sciences Laboratory

Pmjea  Name: C&y  of McAllen
Project  Manager: Joe lbana  Jr.

sampled ey:  R. villanal.
Sampling Date: 4/17/97
sampling  Time:  11 :a0

Type: Grab
Mallix:  water
Basis: As received

L a b ’
Labmtory  ID: ICROROOl

Date Rec’d:  4/18197
AMIYIM  Methodz  EPA 110.3

Date Anabzed:  418197
Report Revision No.: 0

Reported By: H. Van Nile
Reviewed  By: q-r”

Lab Reporting Color (ALPHA) Apparent
Client Sample ID Gomple  ID Limit Result IJnits

Peedwater 5 1 8 2 0 1 25 color Unik
MemcorPiltrale 518202 0 Color Units
Zeewed Permeate 5 1 3 2 0 3 0 Color Unik

U=Nd detecteda  specSed  detection limits

_ . . .

AC&&  sd*m  Loboratw  . 23(10  NW U’ohut  Blvd.,  Corvcdk,  OR 973X.3538
corwir  omce P.O. Bcx42.3,  cormlE5. OR 973394428

rs.1717s4277
Fcx NO.(sl7)  7524276
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i . :,.  ._

City of McAllen

Subjem Ackoowledgmmt  of sample set 5182

This latex is to acknowledge tie receipt of your sample set on 4/B/97. It has beeo
ass&ted laboratory number 5182 Please refet to the laboratory number  if you need to
inquire about this sample set I have attached a copy of the chain of custody form  to
provide additional iofomation.

There were  no problems noted witi the receipt of your samples

If you need assismce,  please. feel free to call 541/7584235  extension 3 117.

Sinccnly.,
(WMHILL

Jeni  Marrick’
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April 30,1997

City of McAllen

138067AO.ZZ

RE: Analytical Data for City of McAllen
CVO Laboratoty  Reference No. 5182

Jim Geisbosb/PHX

On April 18,1997,  the CHZM  HILL Corvalli~ Applied Sciences Laboratory  received three
samples witb a request for analysis of selected p-eters.

The analytical results and associated quality comrol  data are enclosed. Any unusual
difkulties encountered during the analysis of your sampks am discussed in the case
narrative.

Under CH7M  HILL  policy, your samples will be stored for 30 days after reporting. If you
have not given us prior instructions for disposal, we will contact you if any samples requim
disposal as hazardous waste.

The CH2M  w Applied Sciences L&oratory appreciates your business and looks forward
to serving your armlyrical  needs again. If you should have any questions concerning the data,
or if you need additional information, please call Ms. Kathy McKinley at (541) 7584235,
extension 3 120.

Sincerely,

Kelly Ensor
Senior Administrative Assistant
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cl5NTsAMPLEcRoss-REFERENCE  -

CH2M  HILL  Applied Science Laboratory Reference No. 5182

cvo Sample ID client  SaBlule  lD Date collected Time  CollecteP

5182.01 Feed Wafer
518202 Memcor  Filtrate
5 18203 Zeeweed  Permeate

0$/17/19!97 II:00
w17/1997 II:00
c4/17/1997 II:00
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CASENARRATIVE
GENERAL CEEMJSRY

Client/Project City of McAlleta

Il. Qjg&Qn  Ercemions:
NOll.5

B. Ezimks
All acceptance criteria were  met.

c .  Matrix:
An acceptance criteria were  met

E.
1~WcrclIEt.

F. Q&r
Not applicable.

Repaxed  by:

Reviewed by:

~,’  -
DATE:

DATE:

_-.

. . .
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F‘ 1’.
Prnjec!  Name:  Cily  of McAllen

Project Manager: Joe  lbam  Jr.
Sampled By: R. MlamJ

sampling Date: 4/17/97
Sampling Trm?:  1l:OO

Type: Grab
ManIx  Water
Baa*:  As  received

!&L!’ on

Laboratoly  ID: ICROROOl
Date Reed:  4llBl97

Analytical  MetIm&  EPA 1’10.2
DS-teAnalyzPd:  4llEil97

Report Revisiin  No.: 0
Reported By:  H. Van Nice
Reviewed By

Lab -Pm color (ALPHA) Apparent
Client  Sample ID Sam&  ID limit Result Units

F e e d  w a t e r 518201 2.5 ‘~ Color  Units
Memmr  Fikrate 518202 0 Color Units
Zeeweed  Permeate 518203 0 Color Units

(5dsar)752427r
faxNO.@l)  7sz-3276

API’-256



City of McAllen

Subject: .Acknowledgment  of sample  set 5213.

Dear Jii GeisbushE’HX

This letm  is to acknowledge the receipt of your sample set on 4/25/97. It has been
assigned  hhatory number 5213. Please refer to tbe labcmtory  number lf you need to
inquire about this sample sn. I have attached a copy of the  chain of custody fom to
provide additional iriformation

There  mre no  problems noted witi  the receipt  of your samples.

If you need assistance, please feel &es?. to call 541/758-0235 extension 3117.

Sincacly.
CH2MHILL

Jari  Matick

_ . .
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April 30,, 1997

City of McAllen

138067AO.Z

RE: Analytical Data for City of McAllen
CVO Labotatory  Reference  No. 5213

lim GeisbushmHX

On April 25.1997, tbe CH2M  HILL Corwllis  Applied Sciences Laboratory received two
samples with a request for analysis of selected parameters.

The analytical results and amxiated  quality control data are enclosed. Any umsml
difficulties encountered during tbc analysis of your sat@e.~are  disamed  in the case
narrative.

Under CH2M  HILL  policy, yoor samples will be stored for 30 days after rcpating. If you
have not given us prior instnxtions  for disposal, we will contact you if any samples require
disposal as hazardous waste.

The CEL2M  FILL Applied Sciences Laboratory appreciates your business and looks forward
to serving yoin analytical needs again. If you should have any qmstious  ctmc&ming  the data,
or if you need additional information, please call Ms. Kathy McKinley at (541) 758-0235,
extension 3120.

Kelly Ensor
Senior Administrative Assistanr

Eoclosures
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cLrENTsAMPLE CROSS-REFER&E  -

CHZM  HlLL  Applied Science Laboratory Reference No. 5213

cvo sample  ID client  sample  JD Date Collffted Tii collected

5 2 1 3 0 1 Memcor  FiItme Ml241997 -
521302 zeeweed  Permeate 04mi1997
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CAsENARRATrvE
G E N E R A L - Y

Lab Reference NW 32l3

;.

Prepared  by:

Reviewed by:

“‘-
DATE:

DATE
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Corvallis Applied Sciences Laboratory

7

Pniject  Name:  Cii of kk4llen
Pm&t  Manager Joe lbana Jr.

sampled By E. Perez
Sampling Date: @4/g7
Sampling lime: Not provided

Type: Grab
Mati  water
Basis As received

W’  ..
Laboratwy  ID: ICROROOI

Date Reed:  442.Y97
Analyttcal  Method: EPA 110.2

DateAna@?d:4/2SB7
Repon  Revision  No.: 0

Reported By H. Van Nice
Rwkwd  By:

Lab Reporting Color (ALPHA) Apparent
Cl&t  Sample ID Sample ID Limit Result UllitS

Memcar  Fitrat? 521301 5 Color units
Zeewed  Permeate 5 2 1 3 0 2 7 Color  units

APP-262



Appendix D. MF System
Cleaning Procedures



ZeeWeed Cleaning Procedures (Prior to Phase II Operations)
E 1. A water flux was peka-med  membranes.

2. The ZeeWeed  process tank was flushed three  times with  plant service water.

3 . A clean water flux was performed on the membranes.

4. The process tank was emptied and the clean-in-place tank (CIP)  was filled  with a 200
ppm sodium hypochlorite (NaGCl)  solution which was then backwashed through the!
membranes. This was repeated twice.

5. The process  tank was filled with plant service water and a clean water flux was
performed  on the membranes.

6. Step 4 (empty tank cleaningwith sodium hypochlorite) was repeated

7. A clean water flux was performed on the membranes.

8. The process tank was filled with plant s&vice  water and sodium hypochlorite to yield! a
200 ppm solution, and the membranes were allowed to soak overnight  with the sprayer
pump on and the blower on at 3 SCFM.

9. The process tank was flushed with plant service water.

10. The process tank was filled with  plant service water and a clean water flux was
performed  on the membranes.

11. A bubble test was performed on the system

APP-263



1 .

2.

3 .

4.

5.

6 .

7 .

a.

9.

10 .

ZeeWeedfZenoGem  System Cleaning and Decommissioning Procedures

A water flux was performed with the modules in standard operating conditions.

The process tank was emptied and the clean-in-place tank (UP) was 6lled  with a 200
ppm sodium hypochlorite solution made from clean tap water and the membrane was
back pulsed with the solution until the membranes were fully wetted outside the lumen.
The solution was allowed to so* on the surface of the lumen for 20 minutes.

Step 2 was repeated.

A clean water flux was performed.

The sodium hypochlorite solution was carefully and completely washed out of the CIP
tank with clean tap water.

A solution of MC-1 was added to the Cl?  tank to produce a pH of 2 and the membranes
were backpulsed with the soltion as instep  3.

A clean water flux was performed.

After the cleaning tests were done, a Zenon  representative was contacted to discuss the
cleaning results.

The membranes were preserved with a 60% by volume glycerin solution containing
05% by weight of sodium metabisulfite  provided by Zenon. The solution was placed in
the CIP tank and the membranes were backwashed with the solution until the
membranes were fully wetted on the outside of the lumen.

The system was preserved with the 60% glycerin solution

11. The unit was re-created and shipped back to Zenon.

UP-264



Memcor MP  System Fi Cleaning and Decommissioning Procedures

1. The membranes were cleaned using a 2% &irk  acid soludtion,  followed by a 2%
mixture of Memclean  EXA.  This is the same procedure as for all of the other cleanings
during  the study.

2 The system was operated for 5 minutes in the service mode using a 1% Memclean  WL
solution.

3. The sytem  was complety  drained using the drain down cycle and the strainq  was
cleaned to remove loose par&k  and replaced.

4. the exterioor of the unit was cleaned with a mild soapy solution.

5. The MF  unit was place in the original crate  for return to the manufacturer along with
the Material Safety Data Sheet and the CMF Retmn  Check I&t

6. All additioanl  equipment associated with the system was cleaned and packed in its
orignal  sates  for shipment

Move the following to the appendix

3

APP-265



This page intentionally left blank

A F T - 2 6 6





ORDER BY FAX
24h~~Mcbysaveefi~Jn-3347
lbmifyreceL9lc4rare~3)4S7-l679
TMla.m-SmOp.n~EastemTh?,U-F.

ORDER BY NAN.
t4athalTedlriwInfmnasonswiD
5285MbydRoad
!SF+$SU. VA 22161

FEDWORLD.
Fle.%ssdbxcm&i~)4S74m.

P R O D U C T  S E L E C T I O N



SI Metric Conversions

MclltfPlY  BY SI  Mctrlc unit

6.ciw ITi’

3.785 L

0.003785 m’

0.05309 us

1.698 Um*Rmr

2.54 c m

4 5 4 g

0.0703~  ~~ km+

0.0689 bar
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